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CHAPTER 1. INTRODUCTION 
Because of consumer demand for lean pork products and the efficiencies 
associated with the production of lean tissue, the biological capacities of pigs raised in the 
U.S. and worldwide have changed. Specifically, later maturing genetic strains with a 
larger mature mass and a higher proportion of body muscle to fat are being used. Within 
a species, those genetic strains which are larger, later-maturing possess greater milk 
production capacities. The impact of these changes in biological capacities on the milk 
production performance of sows is not known. 
Lactation creates a large metabolic demand for nutrients. When dietary nutrient 
and energy intakes are below the quantities needed to fiiel milk synthesis, the lactating 
female will mobilize body tissues in an attempt to support lactation. If inadequate 
supplies of nutrients and energy are available from the diet or body tissues, milk 
synthesis will be reduced. Previous estimates of sow lactational capacity and associated 
nutrient needs are based on studies in which sows nursed litters of seven to nine pigs. 
Total nutrient supplies (from dietary sources and mobilized maternal bodies tissues) 
needed to support milk synthesis in sows nursing large litters (13 to 14 pigs) have not 
been determined. 
Antigen exposure and subsequent activation of the immune system results in a 
series of endocrine and metabolic adjustments intended to enhance the immune response. 
In growing pigs and chicks, these adjustments result lower voluntary feed intakes, body 
growth rates, efficiencies of feed utilization and protein accretion and altered body 
composition. Acute immune system activation in lactating cows results in reduced milk 
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producuon and altered milk composition. The iinpact of chronic immune system 
activation in sows has not been investigated. 
The objectives of this dissertation research were to determine the impact of lean 
growth genotype and dietary amino acid regunen on the lactational performance of sows 
and to identify the amino acid needs of these sows when nursing large litters and to 
determine the impact of chronic immune system activation on sow lactational 
performance. 
Dissertation Organization 
This dissertation contains two papers that have been prepared in the style 
appropriate for submission to the Journal of Animal Science. The papers are preceded by 
a literature review and followed by a general summary. T.E. Sauber is the principal 
author of the papers. 
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CHAPTER 2. LITERATURE REVIEW 
Mammary Gland Structure and Growth 
Mammary gland anatomy 
The mammary gland is composed of two types of tissues, the stroma and the 
parenchyma (Anderson, 1985). Stromal tissue is composed of fatty and proteinaceous 
tissues and serves a structural function. Parenchymal tissue is composed of secretory 
cells and ductal elements (ducts, cisterns, and teats or nipples). The secretory cells are 
cuboidal in shape and arranged in a single layer surrounding a central lumen forming an 
alveolus (Larson, 1985). Multiple alveoli are arranged in clusters called lobules. 
Multiple lobules form lobes. 
Surrounding each alveolus and lying adjacent to the secretory cells are 
myoepithelial cells. The myoepithelial cells are capable of contraction and are 
responsible for milk ejection (Tucker, 1985). The ductal elements in the parenchymal 
tissue are responsible for the transport and transfer of milk to the neonate. 
Interspecies variation exists in the arrangement of the parenchymal tissue 
(Anderson, 1985). In cows, goats, and sheep a large cistern collects milk from numerous 
lobules. The cistern is capable of storing large quantities of milk between removals. By 
contrast, the pig has no storage cistern. The milk is held in the alveolar lumen and is 
ejected at nursing. 
Milk is transferred from the mammary gland to the offspring by a specialized 
structure. This structure differs between species (Anderson, 1985). The dairy cow 
possesses a teat. A teat has a single canal with a strong sphincter to control milk flow 
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from the large cistern. In contrast, the sow possesses a nipple that has no functional 
sphincter. The nipple of the sow possesses two to three canals. Each canal drains a 
discrete portion of the mammary gland. Milk flow is not controlled by a sphincter, but 
by milk ejection from the alveolus. 
Milk ejection from the mammary gland is under neuroendocrine control (Tucker, 
1985). Tactile receptors in the teat or nipple transmit information to the hypothalamus 
which results in the release of oxytocin from the posterior pimitary. Oxytocin stimulates 
contraction of the myoepithelial cells and the discharge of the luminal contents. In 
addition, oxytocin release causes the relaxation of the teat sphincter in some species (i.e. 
ruminant). In the sow, milk ejection occurs in short 20 second bursts spaced by 
approxunately one hour. Despite this short milk ejection period, nursing behavior occurs 
for an extended period of time before and after milk ejection and seem to be necessary to 
stimulate milk production by the sow. Frequency of nursing and the significance nursing 
behavior in swine were reviewed recently by Algers (1993). 
Mammary gland location and number are species dependent (Mepham, 1976). 
The glands of cows, goats, sheep and horses are inguinal, the glands of primates and 
elephants are pectoral, whereas the mammary glands of pigs are located along the ventral 
midline. While the number of teats/nipples in most species is constant, the pig may 
possess from four to twenty nipples. Pigs nursing a sow will nurse a specific nipple with 
little or no sharing (Algers, 1993). As a result, the number of pigs that can be nursed by 
sow, and therefore milk production, will be limited by the number of functional nipples 
that the sow possesses and the proportion of those nipples that are nursed. 
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Secretory cell ultrastructure 
Mammary secretory cells of different species have nearly identical ultrastructure 
despite the fact that the composition of secreted milk varies widely (Hollmann, 1974). 
Secretory cells are mononucleated and contain numerous mitochondria when secreting 
milk. Substrates required for milk synthesis enter the cells across the basal membrane, 
while milk components are secreted into the lumen of the alveolus across the apical 
membrane (Larson, 1985). 
The endoplasmic reticulum is the site of secreted protein, triacylglycerol and 
phospholipid synthesis. Proteins are transported to the Golgi apparatus and processed 
further. Lipids form micelles and move from the endoplasmic reticulum to the apical 
membrane. Lipid micelles are released into the alveolar lumen encased in a portion of 
the apical membrane (Larson 1985). Lactose synthesis and casein phosphorylation also 
occur in the Golgi apparatus. The milk components synthesized in the Golgi form 
membrane bound secretory vesicles which move to the apical membrane of the secretory 
cell and release their contents to the alveolar lumen by pinocytosis (Larson, 1985). 
Mammary growth 
Manmiary growth occurs through a series of highly ordered events. Primordial 
manmiary glands are apparent on the ventral surface of the embryo at approximately 23 
days of gestation (Anderson, 1985). From birth to puberty, mammary growth is 
isometric with that of the whole body. However, an allometric growth phase begins at 
the onset of puberty (Tucker, 1987). This growth is primarily duct and alveolar end bud 
infiltration of the fatty tissue (fat pad) of the mammary gland. This accelerated growth 
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rate is maintained for several estrous cycles, then returns to an isometric growth rate until 
conception (Tucker, 1987). Allometric growth of the mammary gland returns at 
conception in the form of lobule and lobe development, and results in a functional 
secreting gland at parturition. 
Mammary growth continues in most species for a variable period after parturition 
and may result in a 20 to 50% increase in mammary cell number (mammary DNA) 
following the initiation of lactation (Munford, 1963; Traung, 1967; Nelson et al., 1962; 
Anderson et al., 1981; Knight and Peaker, 1982; 1984; Tucker, 1987). The amount of 
mammary development that occurs after parturition is dependent on suckling demand 
(number of young and frequency of nursing; Tucker, 1966) and is thought to be mediated 
by suckling induced prolactm release and by milk removal from the gland (Tucker et al., 
1967). In the goat (Henderson et al., 1985; Knight et al., 1990; Bryson et al., 1993) and 
dairy cow (Hillerton et al., 1990), increased frequency of milk removal from individual 
glands of the same animal (three or four times vs twice daily) results in unilateral gland 
growth, suggesting local control of mammary cell proliferation as well (Henderson et al., 
1985). In addition, Bryson et al. (1993) reported that mRNA concentration per unit of 
mammary tissue is greater in the goat mammary gland with the greater frequency of milk 
removal, suggesting that cellular hypertrophy as well as hyperplasia is occurring. 
Mammogenesis from embryo to lactating adult has been reviewed in detail by Sheffield 
(1988a). 
The final phase of mammary growth is involution. Involution is the gradual loss 
of cell number following peak lactation and the return of the gland to a quiescent state. 
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Involution begins after peak milk output is achieved, and continues as milk output 
declines. Decline in milk yield following peak lactation can be attributed entirely to the 
loss of cell number rather than a loss of secretory cell activity (Knight and Peaker, 1984). 
Involution can be initiated prematurely if milk removal is terminated. 
Mammary cell growth, both hyperplasia and hypertrophy, is under endocrine 
control. Estrogen is required for the growth of the duct system. Both progesterone and 
estrogen are required to be present for lobular/alveolar development to occur. Shamay et 
al. (1992) successfully stimulated mammary gland development in virgin sows through 
implantation of slow release estrogen and progesterone pellets. Prolactin is necessary for 
differentiation of cellular organelles and growth hormone and glucocorticoids accelerate 
ductal growth during puberty (Delouis et al., 1980). Implantation of pellets which 
slowly release growth hormone into the lumbar region of the rat mammary gland causes 
local ductal end bud hypertrophy (Feldman et al., 1993) while overexpression of IGF-I 
in the mouse mammary tissue induces ductile hypertrophy (Hadsel et al., 1996), 
suggesting that growth hormone may act directly as well as indirectly to influence 
mammary gland development. 
Epidermal growth factor (EGF) has been shown to induce manunary tissue growth 
in vitro (Tonelli and Soroff, 1980; Taketani and Oka, 1983) and local administration of 
EGF via intramanmiary implant has been reported to increase lobular/alveolar 
development in both mature (Vonderhaar, 1987) and immature mouse mammary glands 
(Coleman et al., 1988). It was suggested by Sheffield and Yuh (1988b) that EGF may 
act synergistically with estrogen and progesterone. Transforming growth factors (TGF-a 
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and TGF-61) are structuraily similar to EGF and may possess similar function (Plaut, 
1993). Smdies with transgenic mice indicates that TGF-61 likely functions in vivo as a 
modulator of mammai-y gland development (Jhappan et al., 1993). 
Recently, Yang et al. (1995) demonstrated that hepatocyte growth factor (HGF) 
and neuregulin (NRG) may be involved in mammogenesis. HGF is expressed during 
ductal branching in the nonpregnant animals while NRG is expressed during lobulo-
alveolar development in pregnancy. In vitro, HGF promotes ductal branching and does 
not stimulate the synthesis of milk proteins while NRG stunulates both lobulo-alveolar 
development and milk protein synthesis. Furthermore, the HGF receptor is temporally 
expressed during the menstrual cycle, pregnancy and lactation to coincide with mammary 
development (Niranjan et al., 1995). 
Mammary development during pregnancy also is influenced by hormones of 
placental origin. A placental lactogen has been identified in several species (primates, 
cattle, rodents) and shown to influence mammary gland development. While a placental 
lactogen has not been identified in the pig and several other species (dog, cat, horse), 
conceptus number has been reported to influence the extent of mammary development at 
parturition as measured by DNA content (Forsyth, 1989). 
In pigs, ductal growth predominates in early gestation. Lobular-alveolar 
development begins approximately 45 days after conception (Kensinger et al., 1986a). 
The majority of mammary gland development (increased mammary DNA) that is 
achieved during gestation appears to be complete by approximately day 90 (Hacker and 
Hill, 1972; Kensinger et al., 1986b). Kensinger et al. (1986a) showed that a concepms 
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was necessary for maximum mammary development to occur when nonpregnant, 
pseudopregnant, and pregnant primiparous sows were studied. In addition, a quadratic 
relationship between DNA in the mammary tissue and litter size was reported with 
maximum DNA found in mammary glands of sows farrowing litters of eight pigs or more 
(Kensinger et al., 1986a). 
Nutrition plays a role in mammary gland development. Prepuberal intake of 
excess energy will result in excess fat deposition in the mammary fat pad and will impair 
subsequent mammary gland development in rats, dairy cows, sheep, and goats as 
measured by total mammary gland DNA (Forsyth 1989). It appears that prepuberal fat 
deposition in the mammary fat pad prevents infiltration by primary and secondary ducts 
at puberty. The effect of excess prepuberal energy intake on mammary gland 
development in the pig has not been investigated. 
In pigs, Weldon et al. (1991) and Head et al. (1991) reported that excess energy 
intake during gestation inhibited mammary gland development resulting in as much as a 
50% reduction in mammary DNA content when excess energy was provided in 
pregnancy (Head et al., 1991). 
Dietary energy source provided during lactation may also influence mammary 
gland development. Lanoue and Koski (1994) fed isoenergetic diets to lactating rats from 
d 2 to 15 postparmm, containing 0, 12, 24 or 60% glucose which were formulated by 
substituting glucose for fat. Dietary glucose restriction resulted in lower nursing pup 
weight gains, smaller mammary gland cell size and reduced total mammary gland weight 
on d 15 of lactation. 
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Mammary Gland Function and Reguiation 
The functional mammary gland is one of the most metabolically active tissues in 
the body. The maximally secreting ruminant mammary gland is responsible for 80% of 
whole body glucose flux (Davis and Bauman, 1974), while the energy requirement for 
milk production in noiunminants can be four to five times the energy needs for 
maintenance (Collier, 1985). The events associated with mammary gland function can be 
divided into three phases: colostrogenesis, lactogenesis and galactopoiesis. 
Colostrogenesis 
Colostrogenesis is the accumulation of colostrum which occurs, in general, over 
the last trimester of gestation. In the sow, it appears that large quantities of colostrum 
accumulate only in the last days before parturition (Kensinger et al., 1982). 
Klobasa et al. (1987) analyzed sow colostrum and milk samples at 0, 6, 12, 18, 
24, 48 and 72 hours after parturition and each seven days through day 42 of lactation. 
Milk composition was found to stabilize by 48 hours following the birth of the last pig. 
More than 90% of the protein in colostrum was found to be composed of immunoglobulin 
and other serum proteins. Changes in mammary secretion through 48 hours postpartum 
are illustrated in Table 1. 
Lactogenesis 
Lactogenesis is the initiation of synthetic activity by the mammary gland. Key 
events include an increase in blood flow to the mammary gland, increased utilization of 
nutrients by mammary tissue, and a decrease in nutrient utilization by peripheral tissues 
(Collier etal., 1984). 
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Tabic 1. Ciiange in liie composition of sow mammary secretions from parturition 
to 48 hours postpartum. 
Hours Postpartum 
0 48 
Total solids (%) 25.6 18.6 
Fat (% ether extract) 5.0 6.5 
Total protein (%N x 6.38) 15.7 6.4 
Lactose (%) 3.1 4.8 
Adapted from Klobasa ei al., 1987. 
Essential to the coordination of lactogenesis with parturition is the interplay of the 
hormones of the lactogenic complex. Serum progesterone, secreted largely by the corpus 
luteum, remains in high concentration until just prior to parturition and promotes the 
production of steroid hormone binding protein. As parturition approaches, progesterone 
concentration in serum declines and steroid hormone binding protein concentration drops. 
As a result, glucocorticoids are freed to perform their primary function in lactation, the 
differentiation of cellular organelles (Delouis et al., 1980). 
Prolactin's primary function in lactogenesis is the initiation of mRNA transcription 
in the mammary secretory cell (Collier et al., 1984). Prolactin also has direct effects on 
ion transport, amino acid transport, RNA and casein synthesis, and DNA synthesis 
(Rillema et al., 1992) and has been shown to stimulate glucose transport in mammary cell 
culture (Peters and Rillema, 1992). Blocking the prepartum release of prolactin with 2-
bromo-a-ergocryptine results in a 40-50% reduction in subsequent milk production in 
dairy cows (Akers, 1985), and prevents lactogenesis in sows (Whitacre and Threlfall, 
1981; Taveme et al., 1982). Blocking prolactin in early lactation will cause lactation to 
stop in rabbits, rats, and dogs (Akers, 1985). 
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Recently, prolactin has been shown to be essential for a-lactalbumin and j3-
lactoglobulin gene expression in vitro in sows (Dodd et al., 1994). Prolactin's role in the 
initiation of si casein gene expression in rabbits (Peters and Rillema, 1992), 0-
lactoglobulin gene expression in vitro in ewes (Puissant et al., 1990), /3-casein gene 
expression in mice (Yoshimura and Oka, 1990) also has been demonstrated. Prolactin 
acts through its receptor to mduce the phosphorylation of tyrosine on mammary gland 
factor (MGF), a transcription factor which is responsible for initiating transcription of 
milk protein genes (Gouilleux et al., 1994; Welte et al., 1994). Milk protein synthesis 
may be sensitive to suckling induced prolactin release since MGF activity in mammary 
secretory cells can be reduced by removal of suckling rats from their dam for 24 h and 
rapidly restored (within 4 h) by reintroducing the litter (Schmitt-Ney et al., 1992). 
The role of prolactin in the regulation of acetyl CoA carboxylase activity during 
lactation in the rat also has been investigated (Barber et al., 1992). Lowering of serum 
prolactin concentration during lactation decreased the amount of acetyl CoA carboxylase 
mRNA in the mammary gland and increased the amount in adipose tissue indicating 
reciporical control of the transcription of this gene in these two tissues. Acetyl CoA 
carboxylase is a key enzyme involved in fatty acid synthesis. 
Both estrogen and progesterone appear to uncouple prolactin from its receptor 
(Delouis et al., 1980). It is not until the rapid decline in estrogen and progesterone that 
accompanies parturition that prolactin is able to function in the initiation of milk 
synthesis. Suckling induced prolactin release can initiate lactose and casein synthesis in 
pregnant preterm rats if progesterone receptors are blocked, providing evidence that 
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progesterone may be the primary inhibitor of prolactin's ability to initiate milk synthesis 
(Deis et al., 1989). 
Insulin and glucocorticoids also play roles in the activation of mammary secretory 
cells during lactogenesis (Martin et al., 1978). Insulin affects the rate of transcription of 
mRNA in secretory cells, while glucocorticoids affect mRNA stability and the rate of 
mRNA translation (Mepham, 1976). insulin is also capable of stimulating amino acid 
transport into cultured mammary cells (Larson, 1985). 
Growth hormone, acting indirectly on the mammary gland through insulin-like 
growth factor I (IGF-I) (Bauman and Vernon, 1993) also influences lactogenesis. Studies 
in rats suggest that the mode of action of growth hormone in the lactogenic complex is at 
the level of mammary enzyme mRNA transcription (Barber et al., 1992). Growth 
hormone's main effect had been suggested previously to be through an increase in 
nutrient availability due to increased blood flow (Mepham et al., 1984); however, this 
appears to be the result rather than the cause of increased mammary metabolism (Bauman 
and Vernon, 1993). Growth hormone also affects electrolyte flux in the secretory cell 
(Collier et al., 1984). 
Critical to successful lactogenesis is the partitioning of available nutrients from 
other tissues to the mammary gland. The control of the partitioning of nutrients to 
support various fiinctions (maintenance, milk production) is under endocrine control. The 
adjustments in the partitioning of nutrients at lactation has been described by Bauman and 
Currie (1980) to be balanced between the needs for maintenance of the essential 
physiological processes (homeostasis) and the shifting of nutrients in support of a 
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particular biological function (homeorhesis). A partial list of the homeorhetic adjustments 
which occur to provide nutrients for synthesis of milk component is shown in Table 2. 
Because of these adjustments, the mammary gland appears to receive nutrients in 
preference to other tissues of the body (Bauman and Currie, 1980). For example, 
mammary protein synthesis causes a major increase in partitioning of amino acids to 
mammary gland. In goats, it has been estimated that initiation of lactation increases the 
manmiary gland's proportion of whole body amino acid flux 12 times (3 vs 38%; 
Champredon et al., 1990; Baracos et al., 1991) 
Table 2. Homeorhetic adjustments at lactogenesis. 
Phvsiolosical Function Metabolic Change Tissue 
Milk synthesis Increased use of nutrients Mammary 
Protein metabolism Mobilization of protein 
reserves for milk synthesis 
Muscle and 
other tissues 
Lipid metabolism Increased lipolysis 
Decreased lipogenesis 
Adipose 
Adipose 
Glucose metabolism Increased gluconeogenesis 
Increased glycogenolysis 
Decreased use of glucose 
Increased use of lipid 
Liver 
Liver 
All Tissues 
All Tissues 
Adapted from Bauman and Currie (1980). 
Oldham and Emmans (1988) have proposed a hierarchy of metabolic processes 
(Table 3) that govern the partitioning of nutrients within the animal. At lactogenesis, 
dramatic changes in sensitivity to insulin in key tissues (i.e., adipose, liver, and 
mammary) occur (Collier et al., 1984). In the presence of prolactin, insulin receptor 
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numbers on adipose tissue and liver decline (Aguis et ai., 1979; McNamara and Killers, 
1986). The ability of insulin to stimulate glucose utilization in adipose tissue is 
diminished in lactation (Kilgour and Vernon, 1989). In sheep, it has been shown that 
part of this response is due to the inability of insulin to activate acetyl CoA carboxylase 
(the regulating enzyme of fatty acid synthesis) in adipose tissue (Vernon, 1989). Because 
glucose uptake by ruminant mammary tissue is not insulm dependent, the ruminant 
mammary gland is able to utilize glucose in spite of the fact that insulin concentration is 
low during lactation. However, Vernon (1989) suggests that, unlike in the cow, insulin 
may have an unportant and direct influence on the glucose uptake by the mammary gland 
in nonruminants. 
Galactopoiesis 
Galactopoiesis is the maintenance of lactation following initiation. Milk removal 
is essential for maintenance of lactation and the achievement of maximal milk synthesis 
Table 3. Hierarchy of metabolic processes. 
1) Maintenance of essential metabolic processes 
2) Maintenance of tissue integrity 
3) Maintenance of established pregnancy 
4) Secretion of milk constituents 
5) Accumulation of body protein mass 
6) Accumulation of body fat mass 
Adapted from Oldham and Emmans (1988). 
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(Tucker, 1974). The neuroendocrme events triggered by suckling appear to be important 
for the determination of milk synthesis rate. Tactile receptors in the teats or nipples 
respond to suckling behavior and initiate a response in the hypothalamus which leads to 
the release of prolactin, growth hormone, and thyroid stimulating hormone from the 
anterior pituitary and oxytocin from the posterior pituitary (Tucker, 1981). Interruption 
of the nursing stimulus in mice for twenty-four hours resulted in a permanent reduction in 
milk production and mammary RNA/BNA ratio (Walsh and Tucker, 1972). 
Suckling-induced release of prolactin in sows has been described by Kendall et al. 
(1983). Elevation of circulating levels of prolactin occurs in the first 15 minutes 
following the initiation of suckling behavior in pigs and returns to basal levels 30-40 
minutes later. Prolactin secretion declines in late lactation, likely due to a gradual 
decline in suckling frequency rather than a reduction in prolactin response to suckling 
(Varley and Foxcroft, 1990). 
Involution ultimately is initiated despite the influence of the galactopoietic 
hormone complex and suggests that another mechanism exists which determines the 
length of lactation (Larson, 1985). 
Milk Composition 
The composition of milk of many species has been summarized (Jenness and 
Sloan, 1970; Oftedal, 1984). In general, milk is composed of water, lipid, a unique milk 
carbohydrate (lactose), unique milk proteins, antibodies (primarily IgA), minerals, and 
small quantities of miscellaneous carbohydrates and proteins. 
The quantity of each constituent varies with species and ranges from zero to 
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eighty percent (Jenness, 1985). In general, large species produce milk of low fat 
composition while small species produce milk of high fat composition. Hibernating and 
marine species typically produce milk of high fat content and low protein content. The 
composition of sow's milk is shown in Table 4. 
Proteins 
Milk proteins are separated into classes based on their solubility at 40 °C and at a 
pH of 4.6. Those proteins that precipitate are denned as the casein proteins, while those 
that stay in solution are the whey proteins (Jenness, 1985). The proportions of casein 
and whey proteins in milk is species dependent. In sow's milk, approximately 53% and 
29% of the total nitrogen is associated with the casein and whey fractions, respectively 
(Brent et al., 1973). By comparison, approxunately 79% and 17% of the total nitrogen, 
respectively, is associated with the casein and whey fractions in bovine milk. 
The casein proteins are divided into five classes based on their primary structure 
(Jenness, 1985). The classes of casein present in milk are species dependent. The 
primary function of the caseins is the delivery of amino acids to the neonate; however, 
the casein proteins also possess species specific bioactivities (Jenness, 1985). Caseins 
function in the formation of the milk clot in the digestive tract of the neonate thus 
slowing the rate of passage of the protein. Phosphorylated and glycosylated caseins form 
casein micelles with divalent cations and therefore facilitate the transport of these 
minerals to the young (Jeimess, 1985). Caseins corresponding to the bovine a-1, k, 
and a-2 caseins have been identified in sow's milk (Noroozi and Baker, 1986; Erhardt, 
1989). 
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Table 4. Composition of sow's milk. 
Proximate analysis (%)^ 
Total solids 18.8 
Fat (ether extract) 6.8 
Total protein (%N x 6.38) 4.8 
Lactose 5.5 
Amino acids (% of total amino acids)'' 
Lysine 7.6 
Phenylalanine + tyrosine 9.0 
Methionine + cystine 3.0 
Histidine 3.5 
Valine 4.8 
Isoleucine 3.8 
Leucine 8.8 
Threonine 4.6 
Tryptophan 1.3 
Glycine 3.4 
Arginine 5.0 
Aspartate 7.9 
Alanine 4.0 
Glutamate 19.3 
Proline 11.3 
Serine 5.5 
Minerals (ppm)*^ 
Calcium 2382 
Phosphorus 1806 
Magnesiimi 149 
Potassium 941 
Sodium 577 
Manganese .35 
Iron 5.0 
Zinc 6.9 
Copper .18 
Gross energy (Mcal/kg)'^ 1.04 
®Jenness and Sloan, 1970. 
^Elliot et al., 1971. 
•^Coffey et al., 1982. 
'^Schoenherr et al., 1989a. 
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The whey proteins include the albumins and globulins. The whey proteins 
perform valuable immune functions as well as their amino acid transport role. The 
concentration of total whey proteins declines about 70% in the first 24 h following 
parturition due to the closure of "leaky" tight junctions between mammary epithelial cells 
which allowed serum immunoglobulins to enter the colostrum (Klobasa et al., 1987). jS-
lactoglobulin is the most abundant whey protein in sow's milk (Bell et al., 1981). Other 
whey proteins include a-Iactalbumin, lactoferrin and transferrin (Jenness, 1985). 
Polypeptide growth factors have been identified in colostrum and milk of several 
species, including pigs (Forsyth, 1989). Factors detected include epidermal growth 
factor, platelet derived growth factor, insulin-like growth factor-I and several 
uncharacterized growth factors. 
The concentration of protein in milk changes during lactation (Klobasa et al., 
1987). Inunediately following parturition, colostrum contains various proteins of serum 
origin (immunoglobulins, serum albumin) and milk protein concentration is high. 
Following parturition, milk protein concentration declines while the output of protem in 
milk increases due to the increasing quantity of milk produced. In addition, the 
concentrations of free vs protein bound amino acids in sows milk during lactation have 
been reported (Wu and Knabe, 1994). 
Carbohydrates 
The disaccharide lactose is the predominant carbohydrate of milk (Jenness, 1985). 
Lactose is synthesized in the Golgi and osmotically draws water into the Golgi vesicle. 
Lactose appears to serve as an osmotic regulator since an inverse relationship exists 
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between the concentrations of lactose and protein in milks of various species (Jenness, 
1985). 
Other carbohydrates in milk include monosacchirides, ribonucleotides, 
oligosaccharides and carbohydrates complexed with peptides and proteins (Jenness, 1985). 
Lipids 
Most lipids in milk exist as triacylglyceraols and are present in the form of 
membrane bound fat globules (V/hittlestone, 1952). Lipids present m sow's milk contain 
primarily 18 carbon fatty acids. Oleic acid (18:1) and linoleic acid (18:2) predominate, 
while smaller quantities of myristic acid (14:0), pahnitic acid (16:0) and pahnitoleic acid 
(16:1) are also present (Linzell et al., 1969). The fatty acid composition of sows milk is 
influenced by the fatty acids provided to the mammary gland since fatty acids are 
incorporated directly into milk triacylglycerol. The fatty acids provided to the mammary 
gland are influenced by the fatty acid composition of the sow's diet as well as the fatty 
acid profile of mobilized sow body fat. When sows are fasted during lactation, the fatty 
acid profile of milk lipid resembles that of maternal body fat (Tollerz and Lindberg, 
1965). 
Impact of sampling method on sow milk composition 
While the composition of milk taken from different glands of a single sow is 
similar (Hartmann et al., 1984), completeness of milk removal from the gland affects the 
composition of mammary secretions. McLaughlin et al. (1983) observed an inverse 
relationship between the fat concentration of milk and the completeness of milk removal 
from an individual gland. In addition, dry matter and protein concentration increased as 
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milk was removed from the gland. There was no effect of completeness of milk removal 
on lactose concentration. 
Oxytocin infusion is required for removal of all milk available from a nipple of a 
sow. Ellendorf et al. (1982) estimated that 25 mlU of oxytocin are released by the 
posterior pituitary of the sow during milk letdown, however Perrin (1955) found that 
three to four repeated infusions of 3 lU of oxytocin into the systemic circulation was 
necessary to manually remove all milk from the sow mammary gland. 
Milk Component Synthesis and Secretion 
Proteins 
Essential and nonessential amino acids are removed from arterial blood and 
utilized for protein synthesis. Table 5 illustrates the uptake and output of selected amino 
acids by the sow (Linzell et al., 1969; Spincer et al., 1969) and the dairy cow mammary 
gland (Wohlt et al., 1977). 
Table 5. Amino acid uptake and output by the mammaiy glands of the sow and cow. 
Uptake (ma/hr) OutDUt (ms/hr) 
Amino acid Sow^ Cow'' Sow'' Cow*' 
Threonine 40 44 53 36 
Isoleucine 55 74 62 46 
Leucine 105 105 105 75 
Tyrosine 44 44 46 39 
Phenylalanine 48 53 49 38 
Valine 145 169 61 51 
Lysine 53 59 59 63 
Histidine 30 18 32 22 
Arginine 79 80 59 27 
^Linzell et al., 1969. 
^'Wohlt et al., 1977. 
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Milk protein output represents about 40 to 60% of total mammary gland protein 
synthesis (Oddy et al., 1988; Champredon et al., 1990; Baracos et al., 1991). The 
remaining protein synthetic activity occurs because of the rapid turnover of intracellular 
mammary gland proteins (up to 130%/d; Champredon et al., 1990) and the susceptibility 
of casein to intracellular degradation (Oddy et al., 1988). 
Mepham (1982) suggested that amino acids can be classified into three groups 
based on their relative uptake and output by the mammary gland. Group I amino acids 
are those that are transferred stoichiometrically from blood to milk. Group II amino 
acids are essential amino acids taken up in excess of milk output and Group III amino 
acids are nonessential amino acids not taken up in sufficient quantity to account for their 
secretion in milk. 
The Group I amino acids are lysine, methionine, phenylalanine, tyrosine, histidine, 
and tryptophan. Group II amino acids are arginine and the branched chain amino acids 
(valine, leucine, and isoleucine) and Group III amino acids are glycine and other 
nonessential amino acids. 
The amino acid composition of milk is species dependent and determined at the 
level of gene expression (Tucker, 1985). Specific genes are transcribed to yield various 
types of RNA which are involved in protein synthesis. Messenger RNA (mRNA) carries 
the coded information (codons) necessary for accurate protein synthesis. Ribosomal RNA 
(rRNA) form the synthetic machinery of protein synthesis and are responsible for 
decoding mRNA and the assembly of amino acids to form proteins (translation). Amino 
acid specific transfer RNAs (tRNA) attach to activated amino acids and possess 
23 
anticodons that are matched to the codons of mRNA as the ribosome travels along the 
mRNA strand. Following translation, the newly formed protein is transported to the 
Golgi apparatus where post-translation modification (phosphorylation, glycosylation, 
methylation) occurs (Tucker, 1985). 
Carbohydrates 
The major carbohydrate synthesized in the mammary gland is lactose. Lactose is a 
disaccharide composed of galactose and glucose in a fi-1,4 linkage. 
Lactose possesses three unique characteristics that may explain why it is the 
primary carbohydrate of milk (Jenness, 1986). First, lactose is a disaccharide and 
therefore, when compared with glucose, two times the number of calories are provided 
for each osmotic increment. In addition, the Golgi membrane is permeable to a 
monosaccharide and impermeable to a disaccharide; therefore this may facilitate transport 
of lactose out of the secretory cell. Second, cleavage of the 6-1,4 galactosidic linkage 
requkes specific enzymes thus location of absorption can be controlled. The 6-1,4 
linkage also limits use of lactose as an energy source by intestinal flora. And third, 
lactose appears to enhance calcium absorption through alteration of the gut mucosa. 
Lactose is formed from UDP galactose and glucose in a reaction catalyzed by the 
galactosyltransferase/a-lactalbumin (lactose synthase) enzyme complex. While 
galactosyltransferase is expressed m other tissues and has a poor affinity for glucose 
(Km=lM), in a complex with a-lactalbumin the affinity for glucose increases (Km of 
complex=2mM). The discovery and information about the mechanism of this unique 
enzyme complex is reviewed in detail by Jones (1978). 
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Giucose for galactose and lactose formation is derived primarily from dietary 
glucose, stored glycogen, or from gluconeogenesis (Larson, 1985). During lactation, 
approximately 53% of the glucose removed from blood by the mammary gland is used 
for lactose synthesis (Linzell et al., 1969). Blood glucose concentration is high relative 
to acetate concentration in nonruminants and consequently glucose is used for both lactose 
synthesis and energy in the lactating nonruminant mammary gland. In contrast, giucose 
concentration is low relative to acetate concentration in the blood of ruminants and 
therefore acetate is preferentially utilized for fatty acid synthesis with glucose conserved 
for lactose synthesis. 
Lipids 
Triacylglycerols account for 97 to 98% of the lipid in milk with the remaining two 
to three percent as phospholipids. Approximately one half of the lipid phosphorus is in 
the fat globular membrane (Dils, 1989). 
Fatty acids for milk lipid synthesis are derived from de novo synthesis or direct 
utilization of preformed fatty acids from the systemic circulation. In nonruminants, de 
novo fatty acid synthesis is initiated when citrate moves out of the mitochondria and is 
enzymatically cleaved to form acetyl CoA and oxaloacetate by isocitrate lyase. Acetyl 
CoA goes directly to fatty acid synthesis while oxaloacetate is utilized in the production 
of reducing potential in the form of NADPH for fatty acid synthesis in the 
pyruvate/malate cycle. Glucose is the primary source of acetyl CoA in the nonruminant, 
however ketogenic amino acids can contribute pyruvate or acetyl CoA for fatty acid 
synthesis. Because of the low blood acetate and B-hydroxy butyrate (fiHBA) contents. 
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volatile fatty acids contribute very little to fatty acid synthesis in nonruminants. 
In ruminants, the precursors for fatty acid de novo synthesis are primarily acetate 
and 6HBA, two volatile fatty acids produced during rumen fermentation, rather than 
acetyl Co A. Although ruminants possess the gene for isocitrate lyase enzyme, it is not 
expressed in the mammary gland in sufficient quantity to allow glucose to be lipogenic. 
The ruminant is thus able to conserve glucose taken up by the mammary gland for lactose 
and glycerol synthesis. 
In sows, the primary route of milk triacylglycerol synthesis is direct incorporation 
of preformed fatty acids from diet or tissue stores into lipid (Dils, 1989). Lipoprotein 
lipase present in the capillaries of the secretory tissue hydrolyze triacylglycerols present 
in low density lipoproteins circulating in blood. Fatty acids taken up by the mammary 
gland are rapidly incorporated into fat droplets (Dils, 1983). All phospholipids present in 
milk appear to be synthesized de novo (Dils, 1983). 
Minerals and vitamins 
Ion concentrations in milk are regulated by a Na"*"-, K'''-ATPase pump. Milk is 
high in potassium and low in phosphorus in relation to blood. Minerals are not used for 
osmoregulation but lactose content is the major factor which determines the volime of 
milk secreted (Larson, 1985). The capacity of milk to transfer large quantities of Ca"*"^ 
in milk is due to the formation of casein micelles in which phosphorylated and 
glycosylated caseins neutralize the positively charged calcium ions. The involvement of 
Vitamin D in provision of Ca"*"^ for milk synthesis by the dairy cow has been reviewed 
by DeLuca (1978). 
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Sow's milk contains fat soluble vitamins, primarily vitamin A, as well as the water 
soluble vitamins and choline. The transport of vitamins into milk from blood has not 
been studied, however Larson (1985) notes that binding proteins for vitamin B12 and folic 
acid have been found in bovine milk. 
Metabolic Fuels for Milk Synthesis 
Energy in the form of ATP is required to drive the biosynthesis of milk 
components. Most of the ATP is derived from oxidation of one of three carbon sources: 
carbohydrates, amino acids and fatty acids. 
Carbohydrates 
Glucose in excess of amounts needed for lactose synthesis is taken up by the 
lactating manunary gland of goats (Linzell, 1974) and dairy cows (Bickerstaffe et al 
1974). Up to 30% of the glucose may be used in the pentose phosphate pathway for the 
production of NADPH (Wood et al., 1965). In the sow, Spincer et al. (1959) reported 
that 31% of the glucose in arterial blood was extracted by the mammary gland during 
lactation. Linzell et al. (1969) reported that 26% of the plasma glucose was extracted 
from plasma by the sow mammary gland and that 34% of the glucose taken up by the 
mammary gland was oxidized. The oxidized glucose accounted for 54% of the total 
carbon dioxide produced by the lactating gland. While part of the carbon dioxide can be 
accounted for in the formation of acetyl CoA and oxaloacetate in de novo fatty acid 
synthesis, a significant portion of the glucose taken up by the mammary gland was used 
to generate ATP. Kensinger et al. (1982) estimated that on the day of parturition, 85% 
of the carbon dioxide produced by the sow mammary gland originated as glucose. 
Amino acids 
Branched chain amino acids may also be used by the lactating mammary gland as 
an energy source. Mammary gland arterio-venous difference studies have shown that 
branched chain amino acid (valine, isoleucine and leucine) and arginine uptake by the 
lactating gland is greater than that accounted for in the milk (Mepham and Linzell, 1966; 
Bickerstaffe et al., 1974; Davis and Bickerstaffe, 1978). in vitro studies suggest that up 
to seventy-six percent of the carbon from valine is oxidized to carbon dioxide by active 
ruminant mammary tissue (Wohlt et al., 1977). 
Fatty acids 
Volatile fatty acids (VFA) supply a significant amount of the energy and carbon 
for milk synthesis in ruminants, whereas VFA supply very little energy or carbon for 
milk component synthesis in the nonruminant. Thirty percent of the acetate taken up by 
the mammary gland in dairy cows is oxidized (Bickerstaffe et al., 1974), while only two 
percent of the carbon dioxide from the sow mammary gland originates from acetate 
(Linzell et al., 1969). 
No appreciable oxidation of long chain fatty acids occurs in the mammary gland of 
either ruminants or nonruminants (Smith et al., 1983). Stearate, oleate, and palmitate 
contribute less than 2% of the carbon dioxide produced in the lactating goat (Annisson et 
al., 1967) and lactating manmiary tissue of rats and mice in vitro (Rao and Abraham, 
1975; Robinson and Williamson, 1978). Only in starvation does fatty acid oxidation 
supply significant ATP for mammary metabolism even though a high capacity for fatty 
acid oxidation exists in the mammary glands of many species (Crabtree et al., 1981). 
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Nutrients for Miik Synthesis 
Nutrients and energy needed for lactation are derived from either dietary intake or 
maternal tissue stores. If dietary energy and nutrient intakes are inadequate to meet the 
needs of milk synthesis, maternal tissue stores of energy and nutrients will be mobilized 
to provide nutrients to fuel milk synthesis (Collier et al., 1984). 
Dietary sources 
Energy from consumed feedstuffs is derived primarily from carbohydrates, lipids 
and amino acids. In the nonruminant, digestible dietary carbohydrate is converted to 
glucose, absorbed by the small intestine and transported via the portal vein to the liver. 
In the lactating sow, glucose is absorbed from blood by the mammary gland and used for 
lactose synthesis and de novo fatty acid synthesis (Linzell et al., 1969). 
Dietary lipid is converted to monacylglycerol and free fatty acids in the small 
intestine and absorbed. Triacylglycerols are reformed at absorption and transported to 
liver and then distributed to body tissues via the blood. Long chain triacylglycerides of 
dietary origin are preferentially used by the mammary gland for incorporation into milk 
fat (Stahly et al., 1981). 
Amino acids are present in the com-soy diets in the form of proteins. Digestible 
dietary proteins are hydrolyzed in the digestive tract and co-transported with glucose 
across the intestinal epithelial cells into the portal blood. Absorbed amino acids are 
carried in the portal vein to the liver. Amino acids absorbed from blood by the 
mammary gland are either utilized for protein synthesis or oxidized to provide energy. 
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Maternal tissues 
Wlien dietary intakes of energy and nutrients are below that required to fuel 
maximum milk synthesis, maternal body tissues will be mobilized. The relative 
contribution of each body nutrient reserve to maternal weight loss during lactation is 
dependent on the difference between dietary intakes and the total energy and nutrients 
required for maintenance plus milk production (Mullan and Williams, 1990). 
It has been estimated that, m early lactation, up to 33 % of the milk produced will 
be energetically derived from mobilized tissue energy stores (Bauman and Currie, 1980). 
It is not until miUc production drops to 80% of peak production that the high production 
dairy cow is in positive energy balance. 
In a factorial estimate of nutrient needs for lactation in sows, ARC (1981) assumed 
that the sow weight loss in lactation is composed entirely of fat. NRC (1988), on the 
other hand, assumed that the weight lost by sows during lactation was composed of 
approximately 30% fat, 13% protein, 55% water, and 2% ash. In a study designed to 
determine the effect of feed intake in gestation and lactation on the composition of sow 
weight loss, Mullan and Williams (1990) found that fat and protein, as a proportion of 
body weight loss, ranged from 60 to 69% and 9 to 14%, respectively, and was dependent 
on feed intakes in both gestation and lactation. 
When the dietary intakes of amino acids are insufficient to supply the needs of 
lactation and maternal maintenance, changes in protein metabolism occur to allow for the 
mobilization of maternal protein stores (NRC, 1988; NRC, 1989). Studies from animals 
in a fasting state, when reversible amino acid mobilization occurs, suggest that plasma 
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concentrations and tissue receptors for insulin, glucocorticoids and thyroid hormones are 
involved (Felig, 1981). The mechanisms responsible for the regulation of proteuiaceous 
tissue catabolism are not known, due largely to the difficulties involved in the study of 
protein catabolism in vivo (Simon, 1989). 
Muscle constitutes the largest reservoir of ammo acids in the body, while viscera, 
skin, bone, and hair also represent significant stores of amino acids. The quantity of 
protein from each tissue that can be mobilized fay the lactating sow (labile stores) has not 
been determined, however it is estimated that a dairy cow can mobilize up to 22% of 
total body protein during lactation (Botts et al., 1979). 
Champredon et al. (1990), utilizing methionine flux to estimate changes in protein 
metabolism due to the onset of lactation in goats, reported a 50% greater whole body 
methionine flux in lactating versus nonlactating goats. In addition, nonmammary 
methionine flux was reduced during lactation due largely to reductions in carcass and skin 
protein synthesis. Baracos et al. (1991) also studied changes in protein metabolism 
during lactation. In this study, whole body phenylalanine flux and protein synthesis in 
various tissues of lactatmg and nonlactating goats were measured. In agreement with 
Champredon et al. (1990), daily phenylalanine flux increased 52% with lactation and 
nonmammary phenylalanine flux was reduced. In addition, fractional protein synthesis in 
hind limb muscle was reduced 34% during lactation. Utilizing a comparative slaughter 
technique, it was estimated that hind limb muscle weight was reduced by 10% during 
lactation. Based on earlier estimates of goat hind limb protein turnover these authors 
suggested that an increase in muscle catabolism combined with a decrease in protein 
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synthesis would be necessary in order to account for the tissue loss observed. 
Changes in protein metabolism that occur in the rat during lactation have been 
reported by Naismith and Robinson (1987). The activities of the hepatic enzymes alanine 
aminotransferase and arginosuccinate synthase, which participate in the regulation of 
amino oxidation and urea synthesis, were found to be lower in dams consuming a low 
protein diet compared with animals consuming a high protein diet. This suggests that 
nitrogen metabolism was altered to spare amino acids for lactation. 
Alterations in adipose tissue metabolism at the onset of lactation also have been 
reported. Adipocyte activities of key enzymes in de novo fatty acid synthetic pathway 
have been shown to decrease and lipolytic activity increase with the onset of lactation 
(Bauman and Currie, 1980). Prolactin has been reported to decrease in vitro adipose 
tissue lipogenesis while stimulating in vitro mammary tissue lipogenic activity (Barber et 
al., 1992). In a study to investigate the effect of dietary energy intake on adipose tissue 
metabolism in the sow, McNamara et al. (1993) utilized two levels of dietary energy 
intake in gestation (4.27 or 6.1 Mcal/day) and three levels of dietary energy intake in 
lactation (6.5, 11.5, or 16.5 Meal ME/day) in a factorial design. Adipose tissue biopsies 
were obtained on day 105 of gestation and days 7 and 23 of lactation. Adipose tissue 
lipogenic activity declined and lipolysis increased between day 105 of gestation and day 7 
of lactation in adipose tissue from sows consuming 4.27 Meal daily dietary ME in 
gestation and 6.5 or 11.5 Meal daily dietary ME in lactation. In contrast, rates of 
lipolysis and lipogenesis were not affected by lactation in those sows consuming 16.5 
Meal dietary ME m lactation. This indicates that dietary energy intake influenced the 
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changes in adipose tissue metabolism that occurred during lactation. 
Dietary amino acid intake also influences sow tissue catabolism. Tokach et al. 
(1992) found that when lysine intake (9 g/day) limited milk production, sows did not 
mobilize body fat reserves and consequently serum NEFA concentration were low. In 
contrast, at high lysine intake (45 g/day) serum nonesterified fatty acid concentrations 
increased (suggesting mobilization of maternal body lipid stores through lipolysis) and 
plasma glucose concentrations decreased suggesting that ME intake (16.5 Mcal/day) was 
insufficient to provide energy for maximum milk synthesis and thus increasing the 
mobilization of maternal tissues. 
Efflciencies of Nutrient and Energy Use for Milk Synthesis 
Energy 
The utilization of energy by pregnant and lactating sows was recently reviewed by 
Noblet et al. (1990). The efficiency of utilization of energy above maintenance for milk 
synthesis was found to be dependent on the source (lipid vs carbohydrate vs amino acid) 
and origin (diet vs tissue stores) of the energy. Energy from maternal body lipid stores is 
utilized more efficiently than metabolizable energy (ME) derived from high starch, low 
fat diets (88% vs. 72%, respectively, Noblet et al.,1990). Energy from body protein 
stores is used with a low efficiency (50%; Whittemore and Morgan, 1990) when amino 
acids are oxidized for energy or utilized for gluconeogenesis, but would be expected to be 
utilized with high efficiency when amino acids are incorporated directly into milk 
proteins. 
The partial efficiency of dietary ME utilization is also dependent on calorie source. 
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Babinszky et ai. (1991) reported that the partial efficiency of utilization of dietary ME for 
milk synthesis from fat was greater than that from starch (.73 vs .70, P< .05). Other 
estimates of the partial efficiencies of starch vs fat calories for milk energy production 
are not available; however, since long chain triglycerides of dietary origin are directly 
incorporated into milk fat (Stahly et al., 1981), the energetic efficiency of dietary fat 
utilization for milk energy production would be expected to greater than the efficiency of 
utilization of energy from a high starch diet. 
Amino acids 
The gross efficiency of utilization of dietary amino acids for milk synthesis will be 
dependent on the level of milk production relative to maternal maintenance needs as well 
as the intake of individual amino acids relative to the quantities needed for protein 
synthesis. The gross efficiency of conversion of amino acids to milk is also dependent on 
their origin (diet vs maternal stores). Whittemore and Morgan (1990) estunated the 
efficiency of conversion of tissue protein to milk protein to be 75%, whereas the 
efficiency of utilization of dietary protein for milk protein synthesis was estimated to be 
65%. Assuming a digestibility coefficient for dietary protein of 85%, it can be concluded 
that the efficiency of utilization of both mobilized body tissue amino acids and digestible 
dietary amino acids in similar (approximately 75%). ARC (1981) estimated that the 
efficiency of conversion of dietary protein to tissue protein is 70%, while the efficiency 
of conversion of tissue protein to milk protein is 80%. Based on the estimates of ARC 
(1981), it would be expected that the overall efficiency of conversion of dietary protein to 
tissue protein to milk protein is approximately 56%. 
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Impacts of Genetic and Environmental Factors on Milk Synthesis 
Oldham and Friggens (1989) suggest that, across species, variation in lactational 
performance can be ascribed to animal and environmental factors (Table 6). While 
maximum milk production potential is determined by genetics, various environmental 
factors strongly influence quantitative level of expression. 
Table 6. Sources of variation in lactational performance. 
Animal Environmental 
Breed Thermal environment 
Age Nutrition 
Parity Health 
Stage of lactation Nursing/milking frequency 
Litter size 
Adapted from Oldham and Friggens, 1989. 
Size scaling 
Brody (1945) suggested that milk production is a function of mature metabolic body 
size. Though based on only three data points, he reported that milk energy output for the 
rat, goat, and cow was 144 kcal/kg-^^ daily. Expansion of Brody's estimate to fifteen 
species by Linzell (1972) resulted in an estimated daily milk energy output of 126 
kcal/kg-'^. 
Genetic strain 
Taylor (1973) extended the ideas of the scaling of biological processes to 
metabolic/physiological age to the comparisons of milk production within a species. In 
dairy cows, breed differences in mature body weight accounted for 66% of the variation 
in daily yield. In addition, within species of dairy cows and sheep, peak daily lactation 
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yield could be predicted from mature metabolic body weight when the appropriate scaler 
was used. Taylor (1973) concluded that selection for animals with the greatest mamre 
body weight will tend to favor animals with the capacity for greater milk yield. This 
general trend is evident in dairy cows and sheep, however milk production capacity of 
pigs that differ in mature body weight has not been determined. 
Linzell (1972) reported that within a species, individuals are capable of milk energy 
output of 172 kcal/kg-^^. Currently, NRC (1988) estimates daily sow milk energy output 
to be 125 to 158 kcal/kg-'^. Milk energy output of 175 kcal/kg-^^ daily have been 
reported in sows nursing large litters (10-11 pigs; Stahly et al., 1992). Daily milk 
outputs in excess of 300 kcal/kg-^^ are reported for high producing dairy cows (DHIA, 
1994). 
Considerable variation exists today in the rate and efficiency of growth among pigs. 
Stahly et al. (1988) reported that proteinaceous tissue and body protein accretion rates 
range from 250 to 500 g/day and 70 to 200 g/day, respectively from 20 to 1(K) kg body 
weight between animals which differ in genetic capacity for lean tissue growth. In 
addition, Schinckel (1992) reported a 70% variation in daily lean gain and a 60% 
variation in carcass lean percentage within different lines of the same genetic strain 
combinations suggesting that a large variation exists among animals of the same genetic 
strain. 
Large differences in serum growth hormone concentrations exist between genetically 
lean and genetically obese pigs (Lund-Larsen and Bakke, 1975; Wangness et al., 1981; 
McCusker et al., 1985; Arbona et al., 1988; Bark et al., 1988) with genetically lean pigs 
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possessing higher growth hormone concentrations than genetically obese pigs. 
Differences in serum concentrations of growth hormone (which is both mammogenic and 
lactogenic) could cause differences in genetic milk production capacity between high and 
low lean growth genotypes. 
Pigs with a high genetic capacity for lean tissue growth (high lean growth 
genotypes) possess carcasses that contain more muscle and bone and less fatty and 
visceral tissue (Bark et al., 1992) and have more muscle fibers (Dwyer et al., 1993) and 
greater muscle DNA concentrations (Lundstrom et al., 1983; Hausman and Campion, 
1986). Rahelic and Puac (1981) reported that pigs selected for increased muscling 
percentage possess more white muscle fibers than unselected or wild pigs, while Dunn et 
al. (1992) reported that the percent ham and loin (subprimal cuts with high percentages 
of white muscle fibers) were greater in the carcasses from pigs of a high lean growth 
genotype when compared to carcasses of a medium lean growth genotype. A similar 
relationship between muscle growth rate and muscle fiber type is observed in chickens 
(Ono et al., 1993). Lafeaucher (1990) reported that white muscle fibers are preferentially 
mobilized to provide amino acids for milk production in sows consuming inadequate 
dietary amino acids. In mice, body weight and total mammary weight (expressed as a 
percent of body weight) were greater in the mice selected for high milk production with 
the increased mammary weight accounted for by increased mammary cell number 
(Lindberg et al., 1989). Together, this evidence would suggest that differences in the 
relative amounts of labile protein vs fat stores exist between high and low lean growth 
genotypes. 
Genetic strain influences on milk composition have been stodied extensively in dairy 
cattle (Larson, 1985). Genetic lines have been selected for high or low milk fat and 
specific protein composition of milk. Little is known of any genetic influence on sow 
milk composition. Zou et al. (1992) reported that milk from a low lean growth genotype 
contained more fat than milk from a high lean growth genotype, however feed intake and 
body weight changes were not reported and therefore the influence of source of energy 
for milk production (dietary intake vs body tissue) on milk composition could not be 
separated from genetic strain effects. 
Suckling demand 
Intensity of suckling demand affects the proportion of the dam's milk production 
capacity that is expressed. Elsley (1971) reported that as litter size increased from four 
to eight pigs, milk yield per pig was constant at about .85 kg per pig per day. In the 
same study, as litter size increased from eight to twelve pigs, daily milk production 
increased at the rate of .75 kg per additional pig nursed. King et al. (1989) reported a 
linear increase in daily milk yield as litter size mcreases from 8 to 10 pigs. The 
influence of suckling demand on milk production in other species has also been 
demonstrated. Increasing milking frequency in dairy cows results in up to 20% greater 
milk production fHillerton et al., 1990), while milk removal from a single goat mammary 
gland thrice vs twice daily results in increases in milk production in only the gland more 
frequently milked. Reddy and Reddy (1982), in a study of lactating mice, reported that 
as the number of young per litter increased from three to nine, weight gains per litter 
increased between the 5th and 12th days of lactation from 12.2 to 21.1 g. 
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In addition to the important influence of litter size on the expression of the sow's 
milk capacity, the timing of the establishment of litters postpartum seems to be important 
in determining lactation milk production. It is apparent that nursing pigs establish a 
nipple preference as early as twenty four hours after parturition (Algers, 1993). 
Therefore, if litter size is less than the number of functional glands, milk removal from 
individual glands could cease as early as twenty-four hours after parmrition. 
Tne weight of the nursing pig also influences milk removal. While heavy birth 
weight pigs consume more milk per nursing than lighter birth weight littermates, the daily 
consumption per unit of metabolic weight (kg-^^) is similar (Campbell and Dunkin, 1982; 
Schoenherr et al., 1989a). 
Assuming that each nursing pig withdraws daily .85 kg of milk, each nursing pig 
requires the 165 kg sow to produce about 20 kcal milk energy/kg-sow body weight. If 
the lactating sow is to be challenged to express a lactational capacity similar to the high 
producing dairy cow (i.e. 300 kcal milk energy/kg-^^ BW), at least 15 nursing pigs would 
be required. 
Stage of lactation 
Milk yield at a point in time is determined by mammary cell number and the 
secretory activity of each cell (Knight, 1989). Increasing milk yield in early lactation is 
associated with an increase in mammary DNA as well as an increase in the secretory 
activity of each cell up to peak lactation, while the declining rate of milk production 
following peak is associated with a decrease in mammary DNA and/or a decrease in the 
synthetic capacity of the secretory cells (Knight and Peaker, 1984). 
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Lactation length and days to peak lactation have been reported to be a function of 
metabolic age (Taylor, 1973). The lactation length of the cow is approximately 300 days 
and peak lactation occurs at about 60 days postpartum (Baldwin et al.,1987). In sows, 
the age at natural weaning has been estimated to be seventy days post-partum (Kerr et al., 
1988). Based on the work of Taylor (1973), peak lactation would be predicted at about 
14 days postpartum in the sow. While earlier than that estimated by Elsley (1971), this 
estimate is consistent with the observations of Schoenherr et al. (1989a) who reported that 
milk yield plateaued between day 13 and 17 postpartum and Schams et al. (1993) who 
reported peak prolactin concentration in the lactating sow between the second and third 
weeks postpartum. 
Milk production durmg lactation can be described as a function of tune by the 
general equation proposed by Wood (1976); y=An^e''^°, where y is daily milk yield in 
the nth week of lactation. A, b, and c are parameters that determine the scale and shape 
of the curve. The shape of the curve described by this function is similar m shape to the 
classic growth curves (Gompertz, 1925). While useful in visualizing the shape of the 
lactation curve, there is no simple biological interpretation of the curve parameters A, b, 
and c (Beever et al., 1991) and therefore utilization of this equation to aid in the 
understanding of the factors which influence milk output is difficult. 
Stage of lactation can influence the quantity and composition of mobilized maternal 
body stores. Noblet and Etienne (1986) reported that daily fat output in sows consuming 
low dietary energy intakes was higher initially in lactation, but lower in late lactation 
compared with sows consuming high energy intakes. Based on these data, low energy 
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intake sows seemed to mobilize body fat at a rate early in lactation that could not be 
maintained later in lactation. In contrast, sows consuming high energy intakes (from 
starch calories) apparently derived sufficient energy from dietary sources and as a result 
milk fat output was maintained. 
Studies of daily milk output in dairy cows suggest that factors which affect 
mammogenesis, lactogenesis, and galactopoiesis affect the shape and size of the lactation 
curve (Larson, 1985). Mechanistic or metabolic models have been proposed to estimate 
the effects of various factors on lactation output in dairy cattle (Baldwin et al., 1987; 
Danfaer, 1990) and sows (Pomar et al., 1991; Pettigrew et al., 1992), however these 
efforts suffer from the limited data base available. 
Thermal environment 
Milk production can be altered by the females thermal environment, largely through 
the negative effects of high temperatures on feed intake. It is estimated that the lower 
critical (LCT) temperature of the lactating sow is below 15°C (Noblet et al., 1990; 
Mullan, 1991). By comparison, the LCT of the pregnant sow is estimated to be 22°C 
(Mullan, 1991). While upper critical temperature of lactating sows has not been 
determined, lactating sows reduce food intake when ambient temperatures are above 18-
20°C (O'Grady and Lynch, 1978). 
Nutritional regimen 
Numerous studies have demonstrated the impact of nutritional regimen (i.e. dietary 
nutrient and energy intakes) on the lactational performance of sows. Lysine is the fu:st 
limiting amino acid in com-soy diets formulated to meet the nutritional needs of the 
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lactating sow (NRC, 1988), therefore lysine needs of iactating sows have been frequently 
studied. Published estimates of the dietary lysine needs of lactating sows have ranged 
from 20 g/d (Boomgaardt et al., 1972) to 54 g/d (Johnston et al., 1991) with intermediate 
estimates of 32 g/d (O'Grady and Hanrahan, 1975a) and >47 g/d (Stahly et al., 1992). 
In each of these studies, increasing daily intakes of dietary lysine up to the estimated 
requirement resulted in increased daily litter gain and/or milk production. Not 
surprisingly, litter gams were greatest m those studies with the highest estimates of the 
sow's dietary lysine requirements. 
Dietary amino acid intakes affect not only the rate but also the composition of milk 
produced. Grigor et al.(1987) demonstrated that dietary protein restriction caused a 
decrease in the a-lactalbumin concentration in milk of lactating rats. Furthermore, 
Geursen et al.(1987) found that the restriction of dietary protein intake of the lactating 
rate reduced in vitro synthesis and secretion of a-lactalbumin from isolated mammary 
secretory cells while the synthesis and secretion of caseins were unaffected. Increased 
dietary fat intake (Stahly et al., 1981; Coffey et al., 1982) or mobilized maternal fat 
(O'Grady et al., 1973; Klaver et al., 1981; Boyd et al., 1982; VanKempen et al., 1985; 
Noblet and Etierme, 1986) results in increased milk fat content and milk fat output by the 
sow. 
Relative dietary intakes of amino acids and energy affect the mobilization of specific 
maternal body tissues (fat vs protein). Naismith et al. (1982) reported that rats 
consuming high protein diets during lactation mobilized 60% of total body fat for energy. 
In contrast, dams consimiing low protein, but equal energy intakes experienced substantial 
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whole body protein loss as well as fat loss during lactation. Furthermore, Jones and 
Stahly (1995) demonstrated that the rate of myofibrillar protein breakdown was dependent 
on dietary amino acid intake. 
Whittemore and Yang (1989), utilizing a comparative slaughter technique, reported 
that there was no difference in the litter gain when lactating sows with large reserves of 
body fat received restricted feed intake (energy and nutrients) during lactation compared 
with sows with low reserves of body fat allowed to consume feed ad libitum. However, 
sows with low fat reserves receiving restricted feed intake were unable to maintain milk 
production throughout lactation. In other studies, diet induced changes in milk yield have 
been observed to increase in magnitude as length of lactation increases and body tissue 
stores are exhausted (Klaver et al., 1981; VanKempen et al., 1985; Noblet and Etienne, 
1986). 
Immune system status 
Antigen exposure, which activates the animal's immune system, results in the 
release of cytokines, such as interleukin-1 (IL-1), interleukin-6 (IL-6) and tumor necrosis 
factor (TNF) from activated immune cells (Klasing, 1988). These cytokines mediate a 
series of metabolic adjustments, including an elevated basal metabolic rate (Van Deuren 
et al., 1992; Johnson and von Borell, 1994), increased rates of gluconeogenesis and 
glucose oxidation (Long, 1977), reduced rates of body protein accretion (Williams et al., 
1994; Stahly et al., 1995), greater rates of protein catabolism (Klasing and Austic, 
1984a,b) and elevated hepatic acute phase protein synthesis (Baumann et al., 1987). 
Classical sickness behaviors, such as reduced food intake and mactivity are also observed 
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in animals that have mounted an immune response against an antigen (Hart, 1988). 
Activation of the animals immune system also causes changes in circulating 
hormone concentrations. Blalock (1984) was one of the first to recognize the relationship 
between cytokines and endocrine hormones. Cytokines have been shown to decrease 
growth hormone release in vitro (Hanegger et al., 1991). Growth hormone, through the 
action of insulin-like growth factor-I (IGF-I) plays important roles in mammogenisis, 
lactogenesis and maintenance of milk production (Baumann and Vernon, 1993). Massart 
et al. (1991) found that serum growth concentrations were reduced in lactating goats 
following intravenous LPS administration, then returned to pretreatment concentrations 4 
h later. Serum IGF-I concentrations decrease and IGF-I binding protein concentrations 
increase following experimental infection of swine with a protozoan parasite (Prickett et 
al., 1992). Fan et al. (1995) observed that TNF-a administration to rats caused a 
decrease in serum IGF-I and an increase in serum IGF binding proteins. 
Serum prolactin (PRL) concentrations are also influenced by immune system status. 
Following an immune response,serum concentrations of PRL initially are elevated, but 
decline following a prolonged immune challenge (Berczi, 1993). Chao et al. (1994) 
demonstrated that exposure of decidual cells (cells from the endometrial lining of a 
pregnant uterus) to LPS diminished the release of PRL in vitro. Since milk protein 
synthesis seems to be very sensitive to PRL (Schmitt-Ney, 1992), these observations 
would suggest that immune system activation could cause a rapid decrease in milk protein 
synthesis. 
The impact of immune system activation has been studied using a cow model in 
which iipopoiysaccharide (LPS) is administered by intrammmary or intravenous infusion. 
LPS, a bacterial cell wall component of Gram negative bacteria, elicits a well 
documented immune response (Feldman and Male, 1989) including cytokine release 
(Dinarello, 1984). Intravenous and intramammary infusion of LPS causes a febrile 
response in lactating cows (Jackson et al, 1990; Shuster et al., 1991) and IL-1 and IL-6 
are produced (Shuster et al., 1993). Milk production declines in all mammary glands 
even when LPS is infused in only one gland (Shuster et al., 1991a) or intravenously 
(Shuster et al., 1991b), suggesting that the reduced lactational performance is mediated 
by systemic responses and is not limited to local effects on the mammary gland. 
Immune system activation of the lactating cow also alters milk composition and milk 
protein output (Shuster et al., 1991a,b,c). Milk protein and fat percentages are increased 
and milk lactose percentage and total output of protein are reduced in the first few 
milkings following endotoxin exposure. 
Arguilles et al.(1989) investigated the impact of IL-1 or TNF administration to 
lactating rats on tissue amino acid metabolism. IL-1 increased hepatic uptake of labeled 
a-amino isobutyrate (AIB) and also caused a marked decrease in AIB uptake by skeletal 
and heart muscle. 
The impact of immune system on the lactational performance of sows has not been 
studied. Studies by Nachreiner et al. (1972) characterized short term (16 and 24 h) 
pathological changes associated with administration of LPS to sows, but did not attempt 
to measure lactational performance. 
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Measurement of Miik Production 
An accurate estimate of milk production is required for meaningful study of 
lactation. In domesticated ruminants (cattle, goats, sheep), estimates of milk production 
rate are accurately obtained by periodically removing accumulated milk from the gland 
(Mepham, 1983). In other species, however, indirect measures of milk yield are 
necessary. 
Litter weight gain 
Measurement of neonatal weight gain over a specific period of time provides a 
crude estimate of milk yield. In pigs, the ratio of milk mtake to litter weight gain has 
been reported to be between 3.7 (Noblet and Etienne, 1987b) and 4.5 to 1 (Lewis et al., 
1978); however Lewis et al. (1978) reported a low correlation (R^=.34) between milk 
yield and litter weight gain. In addition, the conversion of milk to litter weight gain 
varies with the stage of lactation (Schoenherr et al., 1989a). 
Variation in the chemical composition of neonatal tissue gain contributes much of 
the inaccuracy found in the prediction milk output from litter gain. Noblet and Etienne 
(1987b) found that chemical composition of neonatal pig gain was dependent on milk 
composition (which is affected by sow energy intake), litter of origin, average daily 
neonatal gain, and pig weight at birth. 
Weigh-suckle-weigh 
A weigh-suckle-weigh technique has been employed by numerous researchers to 
estimate the milk production of lactating sows. This technique involves determining litter 
weight immediately before and after nursing. Refinements of this technique to correct for 
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urine, feces, and evaporative losses and to determine the appropriate nursing interval 
have been published (Mahan et al., 1971; Klaver et al., 1981; Speer and Cox, 1984); 
however, this technique is extremely labor intensive and many variables are introduced 
which can influence milk production estimates. 
Mammary giand measurement 
In dairy cows, a high correlation was found between change in volume of the 
mammary glands and milk removal. In addition, measurement of differences in the 
weight of dissected mammary tissue between mice continuously nursed and those 
separated from their litters have led to accurate estimates of milk yield (Linzell, 1972). 
Labeled water dilution 
The use of labeled water (tritiated water or deuterium oxide (D2O)) to estimate milk 
production has been used in several species, including pigs (Dove and Freer, 1979; 
Rudolph et al., 1984; Schoenherr et al., 1989a). The technique has been shown to be 
more accurate than the weigh-suckle-weigh method, with the weigh-suckle-weigh method 
consistently underestimating milk intake by pigs (Rudolph et al., 1984; Prawirodigdo et 
al., 1987; Pettigrew et al., 1987). In addition, the simultaneous use of D2O to estimate 
neonatal body composition allows for the determination of the partitioning of nutrients by 
the nursing pig (Rudolph et al., 1984) and improves the accuracy of the milk production 
estimate by accounting for changes in the composition of neonatal weight gain (Noblet 
and Etienne, 1989). 
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Summary 
The maximum lactational capacity of the female is determined by genetic makeup of 
the dam. Across species, milk energy yields of mammals are estimated to average 125 
kcal/kg-^^ • d'^ However, within a species, those genetic strains which are larger and 
later mamring possess greater milk production capacities. Although pigs with a high 
genetic capacity for lean tissue growth (high lean growth genotypes) normally are larger 
and later mamring, their lactational capacities relative to low lean growth genotypes has 
not been quantified. 
Environmental factors such as dietary regimen, suckling demand, thermal 
environment and the level of antigen exposure influence the portion of the genetic milk 
production capacity that is expressed. Previous studies of amino acid needs of the 
lactating sows have utilized sows nursing seven to nine pigs; however, expression of 
maximum milk synthesis m sows is estimated to require suckling demand equivalent to a 
litter of 14 or more pigs. The nutrient needs of sows nursing larger litters has not been 
investigated. 
Antigen exposure which further activates the animal's immune system results in the 
release of cytokines which mediate a series of endocrine shifts such as a reduction in 
circulating concentrations of anabolic hormones and the release of catabolic hormones. 
The endocrine shifts induced by immune system (IS) activation have been shown to 
depress voluntary feed intake, proteinaceous tissue growth rates and efficiency of feed 
utilization in growing chicks and pigs, as well as alter the body composition of growing 
pigs. Inhibition of the lactogenic hormones by immune system activation would be 
hypothesized to result in less milk synthesis in mammals; however, the impact of immune 
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system activation on the lactational performance of sows has not been investigated. The 
studies presented in this dissertation were designed to determine the impacts of genetic 
(i.e. lean growth genotype) and environmental (i.e. dietary regimen and level of immune 
system activation) on the lactational performance of sows. 
The objective of the studies presented in this dissertation were to determine the 
impact of lean growth genotype, dietary amino acid regimen and level of chronic immune 
system activation on the lactational performance of sows. 
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CHAPTER 3. IMPACT OF LEAN GROWTH GENOTYPE AND DIETARY 
AMINO ACID REGIMEN ON THE LACTATIONAL PERFORMANCE OF SOWS 
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Ames, lA 50010 
Abstract 
Primiparous sows with a high (350 to 390 g/d) or low (240 to 280 g/d) genetic 
capacity for lean tissue growth from 18 to 110 kg body weight were utilized to determine 
the impact of dietary amino acid regimen and genetic capacity for lean tissue growth on 
the lactational performance of sows. During lactation, sows were offered daily 6,5 kg of 
one of four fortified corn-soybean meal diets containing .58, .77, .96 and 1.15% lysine 
(L). Litters were standardized to 14 pigs within eight hours postpartum. On d 2 of 
lactation, the high lean growth (LG) sows possessed more proteinaceous tissues and 
protein and less fat tissue and lipid. During lactation (d 2 to 28 postpartum), high LG 
sows consumed more feed, mobilized more body protein and lost less body lipid. Milk, 
milk energy and milk lysine yields (pooled across dietary regimens) were similar between 
genotypes. As daily dietary lysine (L) intakes increased from 27 to 62 g and total 
digestible lysine supplies (from diet and mobilized tissues) increased from 39 to 68 g, 
daily yields of milk, milk energy and milk lysine increased, but the magnitude of the 
response differed (P<.05) between genotypes apparently due to differences in the ability 
of the high and low LG sows to mobilize energy from body tissue. 
Based on these data, the lactational capacities of high and low LG sows nursing 12 
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to 14 pigs are similar when similar supplies of lysine and energy are available from 
dietary intake and mobilized body tissue stores. When supplies of ME do not limit milk 
synthesis, daily digestible lysine intakes of at least 54 g (>66 g from a com-soy diet) are 
needed by these sows nursing litters of 12 to 14 pigs to support milk synthesis and 
minimize maternal protein losses. This is equivalent to a total digestible lysine need of 
4.3 to 4.6 g per kg milk produced. However, when ME provided by the diet is less than 
needed to fuel maximum milk synthesis, the dietary amino acid needs of genetically lean 
sows may be reduced due to their mability to mobilize sufficient body fat stores. 
Introduction 
The lactational capacity of the female is determined by the genetic makeup of the 
animal. Across species, milk energy yields of mammals are estimated to average 125 
kcal/kg-^^ • d"^ (Brody, 1945, Linzell, 1972). However, within a species, those genetic 
strains which are larger and later maturing possess greater lactational capacities (Taylor, 
1973). Larger, later maturing bovines have been reported to be capable of secreting 300 
to 350 kcal of milk energy/kg '^ -d'^ (DHIA, 1994). Pigs with a high genetic capacity 
for lean tissue growth (high lean growth genotypes) normally are larger and later 
maturing (Whittemore et al., 1988), however, their lactational capacities relative to low 
lean growth genotypes have not been quantified. 
Sow milk yield is dependent on litter size (King et al., 1989). Expression of milk 
synthesis in sows equivalent to 300 kcal milk energy/kg-^^ BW is estimated to require 
litters of 14 or more pigs to create sufficient litter demand (Sauber et al., 1994). The 
ability of the sow to achieve this rate of milk synthesis also is dependent on the 
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availability of nutrients and energy from dietary ingredients and maternal body tissues. 
The dietary amino acid needs of high milk producing sows have not been determined. 
This study was conducted to quantify the lactational performance of sows with a 
low or high genetic capacity for lean growth, to identify the amino acid needs of sows 
nursing large litters and to determine whether amino acid needs for lactation differ 
between lean growth genotypes. 
Experimental Procedures 
Experiment Treatments. Experimental treatments consisted of two lean growth (LG) 
genotypes and four dietary amino acid regimens. Primiparous sows of a high and low 
LG genotype with muscle tissue growth capacities from 18 to 110 kg body weight of 350 
to 390 g/d and 240 to 280 g/d, respectively, were evaluated. Within each LG genotype, 
sows from two genetic strains were evaluated. Muscle growth capacities of each strain 
were estimated (NPPC, 1983) from growth rate, tenth rib backfat and longissimus muscle 
area data from previous experimentation with these strains. 
During lactation, sows were offered daily 6.5 kg of one of four fortified corn-
soybean meal diets containing .58, .77, .96 or 1.15% lysine. The dietary amino acid 
regimens were formulated to be first limiting in lysine based on the amino acid profiles 
(relative to lysine) for lactating sows suggested by ARC (1981) and NRC (1988). 
Dietary lysine concentrations were achieved by altering the ratio of com to soybean meal 
in the diets. The daily allowance of 21 Meal ME was estimated to meet the mamtenance 
and milk synthesis needs of 165 kg sows nursing 14 pigs (Noblet and Etienne, 1987). 
Dietary trace minerals and vitamms were provided at a minimum of 250% of the 
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estimated daily requirements of the 165 kg sows during lactation (NRC, 1988) to insure 
adequate supplies for milk synthesis. 
Lactational performance was evaluated over six consecutive, four day periods 
from d 2 to 26 of lactation (d 2 to 6, 6 to 10, 10 to 14, 14 to 18,18 to 22, 22 to 26) and 
from d 26 to weaning (d 28±1 of lactation). 
Animal Care. At approximately 250 days of age, sows from each source were 
transported from their site of origin to a common site in central lowa. Sows were penned 
individually in .6 x 2.3 m pens on slotted concrete floors in an environmentally regulated 
building. Ambient temperamres of 18 to 24°C and a minimum ventilation rates of 1.1 
cubic meters per minute per sow were maintained. 
At approximately 275 days of age, sows were artificially inseminated with pooled 
semen from boars of a genetic strain possessing a high capacity for lean tissue growth. 
Sows that conceived in a four day period were used. During gestation, sows were fed 
daily fortified corn-soybean meal diets (Table 1) formulated to provide 175% of the 
estimated nutrient (not energy) needs of the 160 kg gestating sow (NRC, 1988) and 5.84 
Meal ME (1.8 kg) from breeding to d 90 of gestation and 7.22 Meal ME (2.2 kg) from d 
90 to parturition. These ME intakes were provided to maintain the backfat depths present 
in the two sow genotypes at 115 kg BW. 
On d 110 of gestation, sows were transported to an isolated farrowing facility in 
which an ambient temperature of 18 to 24° C and a minimum ventilation rate of 1.4 cubic 
meters per minute per sow-litter were maintained. Sows were washed and penned 
individually in 1.5 x 2.1 m farrowing crates on raised woven wire flooring. At 
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parturition, sows were allocated to one of four dietary amino acid regimens (Table 2) 
based on farrowing date and sow BW. Sows were allowed to consume water ad libitum. 
Litters were standardized to 14 pigs within eight hours of parturition by transferring pigs 
of similar age and weight from donor sows. Litter size was maintained at 14 pigs 
through d 3 of lactation by replacing pigs that died with pigs of similar weight and age. 
Healthy pigs that died after d 3 due to crushing were replaced with pigs of sunilar size. 
The pigs' needle teeth and tails were clipped and 100 mg iron dextran was 
administered subcutaneously by 12 h postpartum. Male pigs were castrated on d 14 of 
lactation. Pigs were not allowed access to supplemental feed or water. Pigs had access 
to thermostatically controlled heating pads as a source of supplemental heat. 
Data Collection and Analysis. Only sows that possessed a minimum of 14 functional 
nipples, farrowed a minimum of eight live pigs and whose litters were successfully 
adjusted to 14 pigs by 8 hours post partum were evaluated. 
Sow feed intake, body weight, and backfat depth (5 cm off midline over the first, 
tenth, and last rib and last lumbar vertebrae; Lean-o-Meater, Renco, Inc, Mpls, MN) and 
individual pig weights were recorded on d 0 (within eight hours postpartum), 2, 6, 10, 
14, 18, 22 and 26 and at weaning (d 28 ±1 postpartum). 
Sow miUc yields were estimated via a deuterium oxide (D2O) dilution technique 
(Rudolph, 1984) as modified by Schoenherr et al. (1989). Sow milk yields were 
determined from d 2 to 6, 6 to 10, 10 to 14, 14 to 18, 18 to 22 and 22 to 26 of lactation. 
Sow milk yields were estimated from the milk intakes of the fourth, fifth, ninth and tenth 
heaviest pigs in each litter based on their BW on d 2 of lactation. If one of the four 
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selected pigs was not native to the litter or died, the native pig nearest in weight on d 2 
was substituted. Milk intakes of the remaining pigs in the litter were calculated by 
multiplying the average milk intake per metabolic weight of the four selected pigs tunes 
the metabolic weight of each pig in the litter. A few pigs lost body weight during a four 
day period. Milk intakes of these pigs were estimated based on the difference in their 
energy needs for body maintenance (115 kcal ME/g-^^; Lassota, 1989) and the amount of 
energy provided by the tissue mobilized (2.8 kcal/g; Noblet and Etierme, 1987). The 
difference is assumed to be derived from milk intake. Milk yield from d 26 to d 28 
postpartum was estimated by assuming that the milk mtake per unit of litter gain was the 
same between d 22 and 26 and d 26 to 28 postpartum. 
A milk sample was collected from each sow on d 2, 6, 10, 14, 18, 22 and 26 of 
lactation by infusing 10 U.S.P. units of oxytocin into an ear vein and manually 
expressing all milk available from the second and third functional anterior nipples on each 
side of the mammary gland. Samples were frozen at -20°C for later analysis. 
Frozen milk samples were weighed, freeze dried, allowed to air equilibrate and 
reweighed. Protein content was estimated by determining the nitrogen content of each 
sample (Kjeldahl, AOAC, 1990) and multiplying by 6.38. Milk fat was determined by 
chloroform/methanol extraction as described by Bligh and Dyer (1959) and milk dry 
matter was determined by gravimetric desiccation (AOAC, 1990). Milk ash was assiraied 
to be .9% (Oftedal,1984). Milk lactose (L) was estimated by the equation L = milk dry 
matter - milk protein - milk fat - milk ash. The energy content of milk was estimated by 
multiplying the percentage of milk protein, fat and lactose by 5.70, 9.40 and 4.15 kcal. 
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respectively (Jenness,i974). Milk composition in each period was estimated by averaging 
the compositions of the milk samples collected at the beginning and end of each period. 
On d 28 (+1) postpartum, sows were weaned at 6 to 7 AM and transported 5 km 
to the Iowa State University Meat Lab. Sows were weighed, electrically stunned and 
killed by exsanguination within 2 h of arrival. The offal components of blood, head, 
heart-lungs, liver, kidneys, gastrointestinal tract (with digesta), leaf fat and jowl trim 
were collected and weighed individually and then frozen together at -20 °C for subsequent 
chemical analysis. Hot carcass weights were recorded and the carcasses were chilled 20 
to 24 hours at 0°C. The right side of the cold carcass was separated into wholesale cuts 
of ham, loin, shoulder, belly, ribs, jowl and feet-tail and the weight of each cut was 
recorded to the nearest gram. The cuts were then frozen at -18°C and stored for later 
tissue separation. Prior to tissue separation, wholesale cuts from each pig were thawed at 
7°C for 36 ±4 h, mdividually weighed, physically dissected into tissue components of 
muscle, bone, skin and fat and each tissue component was weighed to the nearest gram. 
Weight losses which occurred during the storage and separation procedures were assumed 
to be water. The water lost was added back to each cut and tissue component based on 
the percentage of total carcass water within each tissue (Nielsen, 1973) and the 
percentage of each tissue in a wholesale cut. The muscle dissected from each wholesale 
cut was pooled, ground twice through a .64 cm die (Biro Model 75424852, 7.5 HP 
grinder, Marblehead, OH) and mixed three times. A 1 kg sample was removed, 
reground through a .32 cm die, packaged in two 500 g bags and stored at -20°C for 
subsequent chemical analysis. 
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Frozen offai components were weighed, ground in the presence of dry ice through 
a 2.54 cm die (Buffalo Grinder Model 66BX, Buffalo, NY), mixed and reground through 
a .95 cm die. Two 500 g samples were collected and stored at -20°C for subsequent 
chemical analysis. 
Samples of the dissected muscle tissue and offal components were weighed, freeze 
dried, allowed to air equilibrate and reweighed. The protein, ether extractable fat, and 
dry matter content of these tissues were determined according to AO AC (1990) 
procedures. The weight and chemical composition of the offal components were 
corrected for digesta contents by subtracting the estimated weight of digesta (digesta 
weight,kg = 2.25 4- (.03 x sow weight prior to transport,kg) + (daily sow FI from d 26 
to weaning,kg - 1.8); derived from Shields and Mahan, 1983; Usry et al., 1991) and its 
associated nutrient components adjusted for digestibility of nutrients in the feed 
ingredients used (digesta protein, fat or ash, kg = % dietary protein, fat or ash x daily 
sow FI from d 26 to weaning,kg x .18, .15 or .60, respectively. The chemical 
composition of blood and dissected skin and bone tissues were estimated based on the 
values of Nielson (1973) and the chemical composition of dissected fat tissue was based 
on the values of Lonergan (1991). 
A comparative slaughter technique was used to estimate changes in sow body 
composition during lactation. Pruniparous sows (high LG, n=13; low LG, n=9) fed the 
same dietary regimen (energy and amino acid intake over maintenance) and housed and 
managed in the same manner were killed for estimation of the sow's body composition on 
d 2 postpartum. The initial body composition of the lactating sows on d 2 postpartum 
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was estimated by regressing body tissue content of the sows kiiied within each sow 
genotype against EB sow weight and sow backfat depth. Empty body weight of the 
lactating sows on d 2 postpartum was assumed to be body weight minus digesta weight, 
(digesta weight,kg = 2.25 + (.03 x sow weight d 2 postparmm,kg) + (daily sow FI 
from d 0 to d 2,kg - 1.8); derived from Shields and Mahan, 1983, Usry et al. 1991) from 
live weight on d 2 postpartum. 
Based on the sow s dietary nutrient intakes and the nutrient composition of the 
mobilized maternal tissues, the amounts of lysine (digestible equivalent) and energy 
(dietary ME equivalent) available for sow maintenance and milk synthesis were 
calculated. Digestible equivalent lysine was calculated using digestibility coefficients of 
.80 and .85 for com and soybean meal, respectively (NRC,1988), and lysine contents of 
mobilized body proteins of 7.1, 4.2, 4.6, 6.5 and 6.4% for muscle, skin, bone, fat and 
offal, respectively (A Madsen, Danish Research Institute, Copenhagen, personal 
communication). The ME equivalent energy was calculated using NRC (1988) values for 
the feed ingredients in the diets and assuming the ME equivalent available from mobilized 
body protein and lipid were 4.35 and 9.45 kcal/g, respectively (Brody, 1945). 
Statistical Analysis. Data were analyzed by variance techniques using the General Linear 
Models procedure of SAS (1989) as a split plot design. Sow LG genotype was 
considered the whole plot treatment and dietary lysine regimen the subplot treatment. 
The sow/litter was considered the experimental unit. Sows of similar weight and 
farrowing date formed replicates. Least square means are reported. The whole plot 
error term, replicate within genotype, was used to test LG genotype effects and the sub­
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plot error term, replicate x diet within genotype, was used to test diet effects and 
genotype x diet interactions. Responses over time (stage of lactation) were analyzed as a 
repeated measure. 
Results and Discussion 
Initial sow and litter characteristics. Thirty two high lean growth (LG) genotype and 
twenty eight low lean growth genotype sows and litters were evaluated. Sow empty body 
weight (EBW) on d 2 postpartum averaged 167 and 159 kg in the high and low LG sows, 
respectively (Table 3). Sow body composition differed markedly between genotypes at 
the initiation of lactation with high LG sows possessing more dissectable muscle (91.7 vs 
64.0 kg) and less dissectable fat tissue (21.0 vs 37.3 kg) and less back fat (18 vs 32 mm). 
Body nutrient content also differed with high LG sows possessing more body protein 
(30.0 vs 24.7 kg), ash (6.9 vs 5.4 kg) and water (94.0 vs 77.0 kg) and less lipid (32.8 vs 
51.5 kg). The magnitudes of the differences m sow body composition between high and 
low LG genotypes observed in this experiment are similar to those reported for growing 
pigs by Bark et al. (1992). In that study, high LG genotype barrows at 104 kg BW 
possessed 60% more separable muscle and 51% less fat tissue than low LG genotypes. 
Litter size at day 2 postpartum averaged 14 pigs in both sow genotypes while litter 
weight averaged 23.4 and 21.1 kg in the high and low LG sows, respectively. 
Sow lean growth genotype effects The main effects of sow LG genotype on lactational 
performance from day 2 postpartum to weaning (day 28+1 postpartum) are presented in 
Table 4. The high LG sows consumed more feed and lost less backfat than low LG sows, 
however, EB weight changes were similar. The greater feed intake in the high LG sows 
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is in agreement with the observations of Sinclair et al. (1996); however, high LG pigs fed 
from 6 to 110 kg BW normally exhibit lower voluntary feed intakes (Stahly et al., 1991; 
Bark et al., 1992; Stahly et al., 1995). 
Sows from both genotypes consumed less feed than estimated to be needed to 
support maximum milk yield and consequently mobilized body tissues to provide 
additional energy and nutrients (Table 4). However, the amount and composition of the 
tissue mobilized was dependent on LG genotype. High LG sows mobilized more muscle 
and less fat and offal tissue. Furthermore, high LG sows mobilized more body protein 
and less body lipid. The ability of the sow to mobilize body reserves to provide nutrients 
and energy to support milk synthesis has been demonstrated in other studies (Mullan and 
Close, 1989; Yang et al., 1989; Mullan and Williams, 1990). In the present study, the 
composition of mobilized body tissues likely differed between LG genotypes because high 
LG sows possessed limited body fat stores. Consequently, high LG sows seemed to 
depend on mobilization of proteinaceous tissues stores to provide the necessary energy to 
fuel milk synthesis. 
From d 2 to 28 postpartom, litter weight gain and estimated milk, milk energy and 
milk lysine yields were similar between LG genotypes (Table 4). In a study conducted at 
our station to investigate the maximum lactational capacity of sows, Sauber et al. (1994) 
demonstrated that primiparous sows are capable of producing 383 kcal milk energy/kg'^^ 
BW at peak lactation when sufficient suckling demand is provided. The high and low LG 
sows in this smdy achieved peak daily milk energy yields of 307 and 335 kcal/kg-^^, 
respectively, which represent milk yields equivalent to 174 to 190% of that estimated by 
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NRC (1988; 176 kcal/kg^^) and 8Q to 87% of the yields achieved in sows experiencing 
maximum suckling demand (Sauber et al., 1994). These values compare favorably to the 
milk energy yields of 300 to 350 kcal/kg'^ BW reported for the high producing dairy cow 
(DHIA, 1994). 
Dietary amino acid regimen effects and interactions. Feed and ME intakes were similar 
among sows fed the four dietary amino acid regimens (Table 5) and therefore, as lysine 
concentration increased, daily dietary lysine intake increased. However, sows in the 
various treatment groups consumed only 60 to 84% of their daily feed allowance during 
lactation; thus, dietary energy and lysine intakes were below the targeted daily 
allowances. Actual dietary ME and lysine intakes for each of the four dietary amino acid 
regimens, respectively, were 16.01, 17.26, 15.32 and 17.37 Mcal/day and 29, 41, 46 and 
62 g/d in the high LG sows and 15.18, 13.31, 13.52 and 14.15 Mcal/day and 29, 32, 40 
and 51 g/d in the low LG sows. 
The quantity and composition of maternal body tissue mobilized during lactation 
was dependent on dietary amino acid regimen as well as LG genotype (Table 5). As 
dietary lysine intake increased, mobilization of maternal body protein in both genotypes 
was reduced, indicating that lysine was becoming less limiting to milk synthesis. In 
contrast, the availability of energy for milk synthesis was becoming more limiting than 
amino acids and the sows responded by mobilizing more maternal body lipid. Although 
sows in both genotypes responded by mobilizing more maternal body lipid, the high LG 
sows were only able to mobilize 3.17 to 4.22 Meal ME daily from body stores compared 
with 5.03 to 8.09 Meal ME in the low LG sows. Apparently because of lower maternal 
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body fat stores, the high LG sows had to depend more on mobilized muscle tissue to 
meet their energy needs. Because of greater daily feed intakes and rates of mobilization 
of body protein stores, greater total supplies of lysine were available to the high LG 
sows; however, due to the lower supplies of available ME, the high LG sows were not 
able to utilize the additional supplies of lysine to support milk synthesis. 
Litter size was similar among dietary amino acid regimens (Table 6); however, 
litter weight gain and milk and milk energy and lysine yields were dependent on dietary 
amino acid regimen as well as the lean growth capacity of the sows. At the lowest 
dietary lysine intake, the high LG sows produced more milk and milk energy and lysine 
than the low LG sows. As dietary lysine intake increased, milk and milk energy and 
lysine yields increased in both genotypes; however, the magnitudes of the responses were 
less in the high LG sows. Thus, the high LG sows at the highest lysine intakes produced 
less milk and milk energy and lysine than the low LG sows resulting in a genotype by 
diet interaction. 
Because of the use of the comparative slaughter technique in the present study, 
total lysine (digestible equivalent) and energy (ME equivalent) supplies available from 
dietary intakes and mobilized body tissues for sow body maintenance and milk synthesis 
can be calculated (Table 7). As expected, as dietary lysine intake increased, total amount 
of digestible equivalent lysine available also increased. However, due to the mobilization 
of greater amounts of proteinaceous tissues, high LG sows had greater total supplies of 
lysine available at each level of dietary lysine intake. As dietary lysine intake increased 
and energy became more limiting to milk synthesis, ME from mobilized sow body tissues 
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increased. However high LG sows, because of their limited ability to mobilize fat stores, 
had smaller supplies of total ME equivalent at each level of dietary lysine intake. To 
compensate, high LG sows likely catabolized substantial quantities of amino acids for 
energy. This is reflected in the linear increase in kidney weights in the high LG sows as 
lysine intake increased while no change was observed in the low LG sows (Table 8). In 
the high and low LG sows with similar daily supplies (Table 7) of available ME (19.18 
and 19.96 Meal) and lysine (46 and 45 g), daily yield of milk (10.3 and 10.4 kg), milk 
energy (12.2 and 12.2 Meal) and milk lysine (42 and 43 g) were similar (Table 6). 
Furthermore, when daily supplies of lysine and ME were similar, sows in both LG 
genotype required similar amounts of ME (1.86 to 1.92 Meal) and digestible lysine (4.3 
to 4.5 g) per kg of milk yield. However, at greater lysine intakes, the additional energy 
available from mobilized matenal tissues in the low LG sows allowed them to produce 
more milk likely due to the daily additional 1.3 to 1.7 Meal ME available. Based on 
these data, the ingestion of sufficient ME from dietary source is more critical in the high 
versus low lean growth sows. If insufficient ME is consumed by high LG sows, dietary 
amino acid concentrations may need to be lowered to reduce the metabolic burden 
associated with eliminating the excess amino acids derived from the diet and mobilized 
body tissues to prevent further reduction in the available ME supplies for milk synthesis. 
Stage of lactation effects and interactions Feed, ME and lysine intakes increased as 
lactation progressed from d 2 to 26 (Table 9); however, the magnitade of the increase 
was less in the high LG sows. 
Sow weight loss also was dependent on stage of lactation (Table 10). Sow weight 
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ioss increased as lactation progressed from early lactation (d 2 to 6) to midlactation (d 10 
to 18) and then declined in late lactation. The lower sow weight losses in late lactation 
were due in part to the sow's greater dietary energy and nutrient intakes at this stage of 
lactation relative to that needed for milk synthesis. 
The number of pigs nursing the sows decreased from a mean of 13.5 at d 2 to 6 
postpartum to 12.4 on d 22 to 26 postpartum (Table 11); however, the mean number of 
pigs nursing declined more in the high vs low LG sows (1.4 vs .7). Litter gain increased 
as lactation progressed, but the magnitude of the response was dependent on LG genotype 
and dietary amino acid regimen (P< .11). In early lactation (d 2 to 6), the response to 
increasing dietary lysine intake was smaller in the high vs low LG sows, likely due to the 
greater total supplies of amino acids available from dietary intake and mobilized 
proteinaceous tissues in the high LG sows. As lactation progressed, the litter gains 
increased as dietary lysine intakes increased in both genotypes, but the response was less 
in the high LG sows. 
Milk and milk lysine and energy yields (Table 12) increased as lactation 
progressed; however, the magnitude of change differed between LG genotypes. From d 
2 to 6 postpartum, high LG sows produced more milk and milk lysine and energy; 
however, after d 14 to 18 postparmm, milk and milk lysine and energy yields were less 
in the high LG sows. Furthermore, milk yields peaked earlier in lactation in the high 
(day 14 to 18) versus the low LG sows (d 18 to 22). These differences in the pattern of 
milk yield suggest that after d 14 to 18 postpartum, total ME supplies in high LG sows 
became insufficient to support milk synthesis and suggests that under conditions of 
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inadequate dietary ME intake, weaning prior to day 18 may be favored for genetically 
lean sows. 
Milk protein, fat, dry matter and energy contents declined over the duration of 
lactation (Table 12); however the magnirnde of the decline in milk protein content was 
less in the high LG genotype. The lack of a diet by stage of lactation interaction for milk 
lysine and energy yields indicates that, as lactation progresses, feed intake increases at a 
rate sufficient to provide the additional lysine and energy supplies necessary to support 
the peak milk yield in mid lactation. 
Based on these data, the lactational capacities of high and low LG sows are 
similar when similar supplies of lysine and energy are available from dietary intake and 
mobilized body tissue stores. However, the lactational capacities of the high LG 
genotypes are altered differently by dietary lysine vs energy intakes. When available ME 
supplies are not limiting, daily digestible lysine intakes equivalent to or greater than 54 g 
(> 66 g from a com-soy diet) are needed by sows nursiag litters of 12 to 14 pigs to 
support maximum milk synthesis. This is equivalent to a total digestible lysine need of 
4.3 to 4.6 g per kg milk produced. However, dietary amino acid needs are reduced in 
" high LG sows consuming insufficient dietary ME because of then* inability to mobilize 
sufficient body fat stores. 
IMPLICATIONS 
Sufficient intakes of dietary energy are more critical in genetically lean sows in 
order to allow maximum lactational capacity to be expressed. Increasing body fat stores 
in genetically lean sows may improve lactational performance, especially when dietary 
ME intake is limited. 
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Table 1. Composition of gestation diets. 
Stage of Gestation 
Ingredient Breeding to d 90 d 90 to farrowing 
Com 71.80 78.90 
Soybean meal, dehulled 24.45 18.13 
Dicalcium phosphate 2.20 1.54 
Calcium carbonate .65 .68 
Salt .50 .40 
Trace mineral premix .08^ .07"= 
Vitamin premix .32^ .28-
Nutrient composition, calculated 
ME, kcal/kg 3243 3282 
Crude protein, % 18.00 15.50 
Amino acid, % 
Lysine .94 .76 
Tryptophan .23 .20 
Threonine .72 .63 
Calcium, % .84 .68 
Phosphorus, % .75 .60 
Daily feed allocated,kg 1.80 2.20 
^Supplied the following per of kilogram diet: Fe, 145 mg; Mn, 18 mg; Zn, 103 mg; 
Cu, 16 mg; I, 1.0 mg; Se, .3 mg. 
^Supplied the following per kilogram of diet: vitamin A, 7,000 lU; vitamin D3 350 lU; 
vitamin E, 39 lU; vitamin K (menadione sodium bisulfite complex), 1.4 mg; 
vitamin B12 .027 mg; riboflavin, 6.5 mg; D-pantothenic acid, 21mg; 
niacin, 17.0 mg; choline chloride, 2.2 mg; thiamme, 1.8 mg; pyridoxine, 1.8 mg; 
folic acid, .6 mg; d-biotin, .4 mg. 
•^Supplied the following per of kilogram diet: Fe, 127 mg; Mn, 16 mg; Zn, 90 mg; 
Cu, 14 mg; I, .9 mg; Se, .27 mg. 
'^Supplied the following per kilogram of diet: vitamin A, 6,125 lU; vitamin D3 306 lU; 
vitamin E, 34 lU; vitamin K (menadione sodium bisulfite complex), 1.2 mg; 
vitamin B12 .024 mg; riboflavin, 5.7 mg; D-pantothenic acid, 18 mg; 
niacin, 14.9 mg; choline chloride, 1.9 mg; thiamine, 1.5 mg; pyridoxine, 1.5 mg; 
folic acid, .5 mg; d-biotin, .35 mg. 
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Table 2. Composition of lactation diets. 
Dietary lysine, % 
Ingredient .58 .77 .96 1.15 
Com 82.70 76.20 70.10 63.60 
Soybean meal, dehulled 12.60 19.20 25.40 32.00 
Dicalcium phosphate 3.05 2.90 2.75 2.60 
Calcium carbonate .61 .66 .71 .76 
Salt .50 .50 .50 .50 
Trace mineral premix® .09 .09 .09 .09 
Vitamin premix'' .35 .35 .35 .35 
Antibiotic'^ .10 .10 .10 .10 
Nutrient composition, calculated 
ME, kcal/kg 3234 3224 3215 3206 
Crude protein, % 13.1 15.8 18.3 20.9 
Amino acid, % 
Lysine .58 .77 .96 1.15 
Tryptophan .16 .20 .24 .28 
Threonine .54 .64 .73 .84 
Calcium, % 1.00 1.00 1.00 1.00 
Phosphorus, % .85 .85 .85 .85 
Nutrient composition, analyzed 
Crude protein, % 13.6 16.7 19.4 22.0 
Lysine, % .62 .82 1.01 1.20 
^Supplied the following per of kilogram diet: Fe, 200 mg; Mn, 25 mg; Zn, 125 mg; 
Cu, 13 mg; I, 1.0 mg; Se, .3 mg. 
^Supplied the following per kilogram of diet: vitamin A, 10,000 lU; vitamin D3 500 lU; 
vitamin E, 58 lU; vitamin K (menadione sodium bisulfite complex), 1.25 mg; 
vitamin Bi2 -038 mg; riboflavin, 10.0 mg; D-pantothenic acid, 30.0 mg; 
niacin, 25.0 mg; choline chloride, 3.1 mg; thiamine, 2.5 mg; pyridoxine, 2.5 mg; 
folic acid, .75 mg; d-biotin, .5 mg. 
'^Supplied 55 mg chlortetracycline per kilogram of diet. 
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Tabic 3. Lactating sow and iitter characteristics of the two lean growth (LG) genotypes 
on day 2 postpartum. 
LG genotype 
Item Low High CV Probability 
Number of sow-litters 28 
Sow characteristics 
Live weight,kg 171 
EB weight,kg 159 
Backfat depth, mm® 32 
Separable tissues 
Muscle, kg 64.0 
Fat,kg 37.3 
Skin,kg 8.6 
Bone, kg 12,1 
Offal,kg 34.9 
Body nutrients 
Protein,kg 24.7 
Lipid,kg 51.5 
Ash,kg 5.4 
Water,kg 77.0 
Litter characteristics 
Size 14 
Weight,kg 21.1 
32 
180 4 .24 
167 4 .25 
18 21 .01 
91.7 6 .01 
21.0 18 .01 
6.9 16 .05 
16.0 12 .01 
29.3 4 .01 
30.0 7 .01 
32.8 17 .01 
6.9 11 .01 
94.0 8 .01 
14 
23.4 13 .05 
® Mean of 4 ultrasonic measurements 5 cm off midline over the first, tenth and last ribs 
and last lumbar vertebrae. 
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Table 4. Impact of lean growth (LG) genotype on lactating sow and litter performance 
from d 2 to 28±1 postpartum. 
LG genotype 
Item Low High CV Probability 
Number of sow-litters 28 32 
Sow characteristics 
EB weight change,g/d -1208 -1130 35 .32 
Backfat change, mm/d -.16 -.10 61 .05 
Dietary nutrient and energy intakes 
Feed intake,kg/d 4.27 5.21 1 .01 
Dietary lysine intake,g/d 
Total 37 45 14 .01 
Digestible 30 37 14 .01 
ME intake,Mcal/d 13.76 16.76 13 .01 
Separable tissue changes 
Muscle, g/d -598 -924 29 .01 
Fat, g/d -539 -163 48 .01 
Skin, g/d -31 -22 342 .56 
Bone, g/d -49 -42 825 .81 
Offal,g/d -23 4 189 .01 
Body nutrient changes 
Protein, g/d -220 -272 24 .01 
Lipid,g/d -586 -235 51 .01 
Ash, g/d -17 -18 432 .76 
Water, g/d -534 -601 36 .49 
Litter characteristics 
Size® 13.0 13.0 12 .95 
Weight gain,g/d 2337 2170 17 .05 
Estimated milk yield^ 
Quantity, kg/d 10.8 10.7 16 .65 
Energy, Mcal/d 13.0 12.6 13 .25 
Lysine, g/d 46 45 12 .49 
^Mean number of pigs per litter from d 2 to weaning. 
''Milk yield was determined via D2O dilution technique from d 2 to 26 postpartum. 
Milk yield from d 26 postpartum to weaning was estimated assuming that the milk intake 
per unit of litter gain was the same between d 22 and 26 postpartum and d 26 postpartum 
and weaning. 
Table 5. Impact of lean growth (LG) genotype and dietary lysine (L) regime on dietaiy nutrient intakes and empty body 
weight, backfat, separable tissue and body nutrient changes in lactating sows from d 2 to 28±1 postpartum. 
LG Dietary L % Probability 
Item genotype .58 .77 .96 1.15 CV LG L LGxL 
Number of sows Low 8 6 7 7 
High 9 9 7 7 
Sow BW day 2 postpartum, kg Low 172 168 170 176 4 .24 .62 .18 
High 178 184 178 179 
Dietary nutrient and energy intakes 
Feed,kg/d Low 4.70 4.13 4.21 4.41 14 .01 .39 .20 
High 4.95 5.35 4.77 5.42 
Lysine,g/d Low 27 32 40 51 14 .05 .01 .08 
High 29 41 46 62 
ME,Mcal/d Low 15.18 13.31 13.52 14.15 14 .01 .38 .20 
High 16.01 17.26 15.32 17.37 
EB weight change,g/d Low -1130 -1313 -1291 -1096 22 .24 .12 .19 
High -1277 -1134 -1168 -940 
Backfat change, mm/d Low -.11 -.18 -.17 -.18 63 .05 .21 .82 
High -.08 -.10 -.12 -.11 
Table 5. cont'd. 
Separable tissue changes 
Muscle,g/d Low -680 
High -1104 
Fat,g/d Low -360 
High -142 
Skin,g/d Low -55 
High -60 
Bone,g/d Low -75 
High -50 
Offal,g/d Low -24 
High -5 
Body nutrient changes 
Protein,g/d Low -223 
High -314 
Lipid,g/d Low -391 
High -173 
Ash, g/d Low -27 
High -21 
Water, g/d Low -604 
High - 750 
-592 -625 -494 
-985 -979 -909 
-498 -639 -660 
-135 -236 -141 
-38 -26 -82 
-67 -36 -45 
-5 -63 -65 
-55 -20 -43 
-29 -19 -21 
-40 -23 -82 
-259 -224 -174 
-279 -256 -241 
-545 -674 -738 
-206 -311 -252 
-6 -29 -21 
-21 -15 -15 
-637 -529 -367 
-613 -564 -476 
29 .01 .23 .98 
48 .01 .05 .13 
343 .56 .05 .11 
826 .81 .11 .33 
189 .01 .57 .33 
24 .01 .05 .41 
51 .01 .05 .43 
432 .76 .07 .16 
35 .32 .01 .52 
Table 6. Impact of lean growth (LG) genotype and dietary lysine (L) regimen on litter weight gains and milk yields d 2 
to 28±1 postpartum. 
LG Dietary L regimen Probability 
Item genotype .58 .77 .96 1.15 CV LG L LGxL 
Number of litters Low 8 6 7 7 
High 9 9 7 7 
Litter characteristics 
No. of pigs Low 12.4 13.1 13.4 12.9 12 .95 .91 .65 
High 13.1 13.0 12.8 12.9 
Weight gain,g/d Low 1941 2323 2442 2642 17 .05 .01 .51 
High 1971 2248 2178 2285 
Milk yield® 
Quantity,kg/d Low 9.81 10.38 11.43 11.68 16 .65 .10 .05 
High 10.31 10.80 10.93 10.97 
Energy, Mcal/d Low 11.45 12.21 13.62 14.81 13 .25 .01 .05 
High 12.17 12.65 13.30 13.68 
Lysine,g/d Low 38 43 48 52 12 .49 .01 .05 
High 42 46 48 49 
''Milk yield was determined via D2O dilution technique from d 2 to 26 postpartum. Milk yield from d 26 to 28 
postpartum was estimated assuming that the milk intake per unit of litter gain was the same between d 22 to 26 
postpartum and d 26 to 28. 
Table 7. Impact of lean growth (LG) genotype and dietary lysine (L) regimen on digestible equivalent lysine and ME 
equivalent energy from dietary intakes and mobilized body tissues from d 2 to d 28±1 postpartum. 
LG Dietary L regimen Probability 
Item genotype .58 .77 .96 L15 CV LG L LGxL 
Digestible equivalent lysine 
Diet,g/d Low 
High 
23 
23 
26 
33 
33 
38 
42 
51 
14 .01 .01 .13 
Mobilized tissues,g/d Low 
High 
16 
23 
19 
20 
16 
18 
12 
17 
24 .01 .05 .41 
Total, g/d Low 
High 
39 
46 
45 
53 
49 
56 
54 
68 
13 .01 .01 .54 
ME equivalent energy 
Diet,Mcal/d Low 
High 
15.18 
16.01 
13.31 
17.26 
13.52 
15.32 
14.15 
17.37 
14 .01 .38 .20 
Mobilized tissues,Mcal/d Low 
High 
5.03 
3.17 
6.65 
3.32 
7.69 
4.22 
8.09 
3.59 
40 .01 .05 .37 
Total,Mcal/d Low 
High 
20.21 
19.18 
19.96 
20.58 
21.21 
19.54 
22.24 
20.96 
13 .05 .29 .68 
Table 8. Impact of lean growth (LG) genotype and dietary lysine (L) regimen on longisimus area and kidney, liver and 
leaf fat weights from d 2 to d 28±I postpartum. 
LG Dietary L regimen Probability 
Item genotype .58 .77 .96 L15 CV LG L LGxL 
Organ weights, g 
Kidney Low 373 358 370 376 17 .05 .05 .07 
High 364 420 469 498 
Liver Low 2242 1987 2153 2264 11 .01 .01 .08 
High 2605 2585 3019 2971 
Leaf fat, g Low 2479 1999 1424 1378 30 .05 .01 .10 
High 1546 1513 1014 1325 
Table 9. Impact of lean growth (LG) genotype and dietary lysine (L) regimen on feed, energy and lysine intakes by 
lactating sows during 4 d stages (S) of lactation from d 2 to d 26 postpartum. 
Probability 
LG L Stage of lactation.d LG LG L LGx 
Item genotype regimen 2-6 6-10 10-14 14-18 18-22 22-26 CV LG L xL S xS xS LxS 
Feed intake,kg/d Low .58 2.74 3.88 4.24 4.95 5.24 5.81 13 .01 .35 .35 .01 .01 .52 .24 
.77 1.92 3.27 3.56 4.26 5.51 5.65 
.96 2.28 3.53 4.21 4.26 4.66 5.24 
1.15 2.53 3.89 4.05 4.66 5.27 5.43 
High .58 3.44 4.76 4.96 5.35 5.48 5.33 
.77 4.09 5.07 5.25 5.30 5.63 6.09 
.96 3.44 4.44 4.96 4.84 5.41 5.10 
1.15 3.55 4.63 5.40 5.63 5.86 6.28 
ME intake,Mcal/d Low .58 8.86 12.55 13.71 16.00 16.95 18.80 13 .01 .35 .35 .01 .01 .52 .24 
.77 6.21 10.55 11.48 13.73 17.76 18.21 
.96 7.33 11.34 13.52 13.69 14.97 16.84 
1.15 8.10 12.45 12.99 14.94 16.91 17.41 
High .58 11.11 15.38 16.03 17.31 17.71 17.22 
.77 13.18 16.33 16.91 17.10 18.15 19.63 
.96 11.06 14.28 15.84 15.56 17.40 16.41 
1.15 11.39 14.84 17.31 18.05 18.78 20.14 
Table 9. cont'd. 
Lysine intake,g/d 
Total 
DigestibJe 
Low .58 16 23 25 29 
.77 15 25 28 33 
.96 22 34 40 41 
1.15 29 45 47 54 
High .58 20 28 29 31 
.77 31 39 40 41 
.96 33 43 47 47 
1.15 40 53 62 65 
Low .58 13 18 20 24 
.77 12 20 22 27 
.96 18 28 33 34 
1.15 24 37 38 44 
High .58 16 22 23 25 
.77 25 31 33 33 
.96 27 35 39 38 
1.15 33 43 51 53 
30 34 14 .01 .01 .22 .01 .01 .01 .35 
43 44 
45 50 
61 63 
32 31 
43 47 
53 49 
68 73 
25 27 15 .01 .01 .18 .01 .05 .01 .39 
34 35 
37 42 
50 51 
25 24 
35 38 
43 41 
56 59 
Table 10. Impact of lean growth (LG) genotype and dietary lysine (L) reginien on daily sow weight changes during 4 d 
stages (S) of lactation from d 2 to d 26 postpartum. 
Probability 
LG L Stage of lactation.d LG LG L LGx 
Item genotype regimen 2-6 6-10 10-14 14-18 18-22 22-26 CV LG L xL S xS xS LxS 
Weight change,g/d Low .58 -452 -1044 -865 -696 -412 -697 127 
.77 -933 -1097 -1151 -1413 -251 -100 
.96 -1237-1030 -1079 -861 -493 -525 
1.15 -227 -928 -1046 -863 -417 -531 
.88 .06 .35 .01 .62 .81 .99 
High .58 -700 -1166 -631 -669 -861 -775 
.77 -402 -847 -594 -852 -393 -687 
.96 -782 -382 -952 -754 -526 -531 
1.15 -382 -540 -733 -529 -12 -16 
BF change,mm/d'' Low .58 
.77 
.96 
1.15 
0 
0 
0 
0 
-.08 
-.17 
-.19 
-.19 
-.09 226 
-.16 
-.16 
-.21 
.23 .31 .40 .50 .39 .47 .45 
High .58 
.77 
.96 
1.15 
0 
0 
0 
0 
0 
- . 1 1  
-.12 
-.04 
-.13 
-.10 
-.09 
-.14 
^Backfat changes reported from d 2 to 10, 10 to 18 and 18 to 26 postpartum. 
Table 11. Impact of lean growth (LG) genotype and dietary lysine (L) regimen on litter weight gain during 4 d stages 
(S) of lactation from d 2 to d 26 postpartum. 
Probability 
LG L Stage of lactation.d LG LG L LGx 
Item genotype regimen 2-6 6-10 10-14 14-18 18-22 22-26 CV LG L xL S xS xS LxS 
No. of pigs'* Low .58 13.0 12.4 12.1 12.1 12.0 12.0 
.77 13.3 13.0 13.0 12.8 12.8 12.8 
.96 13.9 13.6 13.4 13.1 13.0 13.0 
1.15 13.3 12.8 12.7 12.6 12.6 12.6 
6 . 85 .91 .69 .01 .05 . 99 .97 
High .58 13.7 13.2 13.0 12.8 12.4 12.4 
.77 14.1 13.2 12.7 12.6 12.4 12.4 
.96 13.4 13.1 12.5 12.3 12.2 12.2 
1.15 13.6 12.7 12.6 12.4 12.2 12.2 
Litter gain,g/d Low .58 1288 1756 1812 2001 2129 2248 19 .01 .01 .55 .01 .01 .56 .11 
.77 1676 2386 2407 2336 2449 2652 
.96 1734 2450 2449 2530 2526 2634 
1.15 1738 2594 2742 2788 2905 2693 
High .58 1589 2024 2063 2116 2107 1973 
.77 1815 2038 2379 2492 2372 2299 
.96 1727 2221 2445 2349 2261 2030 
1.15 1716 2201 2358 2431 2454 2419 
®Average number of pigs over each 4 d stage of lactation. 
Table 12. Impact of lean growth (LG) genotype and dietary lysine (L) regimen on milk and milk lysine and energy yields 
during 4 d stages (S) of lactation from d 2 to d 26 postpartum. 
Stage of lactation.d 
Probability 
Item genotype regimen 2-6 6-10 10-14 14-18 18-22 22-26 
Milk component yield 
Milk,kg/d Low .58 6.7 8.6 9.9 10.6 10.6 11.1 
.77 6.8 9.5 10.7 11.5 11.4 12.0 
.96 8.0 10.4 11.6 12.1 12.2 12.1 
1.15 6.2 10.2 12.1 13.1 13.6 13.4 
High .58 8.5 9.4 10.4 11.7 10.9 11.0 
.77 8.1 9.6 11.0 12.0 11.8 11.5 
.96 8.1 10.3 11.7 12.0 11.9 11.0 
1.15 8.4 9.8 11.2 12.5 11.5 12.1 
Lysine,g/d® Low .58 30 36 39 41 41 44 
.77 31 40 43 47 47 48 
.96 37 44 47 49 50 51 
1.15 31 47 52 57 59 60 
High .58 38 39 38 46 43 43 
.77 37 40 46 50 48 48 
.96 39 45 50 51 51 49 
1.15 40 43 48 51 51 54 
CV LG L 
LG 
xL 
LG 
xS 
L 
xS 
LGx 
LxS 
10 .12 .20 .61 .01 .01 .10 .63 
.07 .01 .26 .01 .01 .59 .22 
Table 12. cont'd. 
Energy,Mcal/d'' Low .58 8.3 10.7 12.0 12.3 11.7 12.1 14 .25 .01 .25 .01 .01 .52 .17 
.77 9.3 12.3 13.1 13.3 12.7 12.6 
.96 11.0 13.3 14.1 14.3 14.0 13.7 
1.15 8.9 13.7 15.5 16.3 16.8 16.4 
High .58 10.7 11.6 12.1 13.4 12.6 12.5 
.77 10.2 11.6 13.0 14.0 13.4 13.0 
.96 11.1 13.2 14.4 14.3 13.8 12.5 
1.15 11.4 12.6 13.9 14.3 14.2 14.4 
'^Calculated from the average milk composition over each 4 d stage of lactation assuming milk protein is 7.5% lysine. 
''Calculated from the average milk composition over each 4 d stage of lactation assuming the energy content of milk 
protein, fat and lactose are 5.7, 9.4 and 4.15 kcal/g, respectively (Jenness, 1974). 
O 
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Table 13. Impact of lean growth (LG) genotype and dietary lysine (L) regimen on milk composition in sows during 4 d 
stages (S) of lactation from d 2 to d 26 postpartum. 
Stage of lactation.d 
Probability 
Item genotype regimen 2-6 6-10 10-14 14-18 18-22 22-26 
Milk composition 
Protein, Low .58 6.75 5.71 5.32 5.23 5.24 5.41 
.77 6.48 5.69 5.43 5.45 5.53 5.41 
.96 6.64 5.70 5.46 5.47 5.43 5.57 
1.15 6.95 6.04 5.75 5.80 5.78 5.89 
High .58 6.59 5.75 5.43 5.26 5.22 5.21 
.77 6.23 5.65 5.61 5.58 5.56 5.65 
.96 6.52 5.79 5.72 5.73 5.79 5.97 
1.15 6.31 5.82 5.79 5.91 6.04 5.97 
Fat,%^ Low .58 7.23 6.86 6.44 5.87 5.41 5.30 
.77 8.57 7.34 6.44 5.83 5.33 4.89 
.96 7.71 6.96 6.38 5.91 5.64 5.41 
1.15 8.08 7.52 6.82 6.44 6.08 5.88 
High .58 7.26 6.52 5.97 5.83 5.94 5.76 
.77 6.88 6.56 6.29 6.04 5.73 5.52 
.96 7.81 7.09 6.51 6.03 5.73 5.35 
1.15 7.89 6.84 6.41 6.40 6.17 5.87 
CV LG L 
LG 
xL 
LG 
xS 
L 
xS 
LGx 
LxS 
12 .77 .06 .74 .01 .05 .72 .99 
16 .50 .26 .84 .01 .22 .98 .21 
Table 13. cont'd. 
Dry matter, Low .58 20.59 19.44 19.16 18.58 17.80 17.73 10 .37 .05 .71 .01 .65 .99 
.77 20.95 20.13 19.40 18.63 17.88 17.15 
.96 20.67 19.62 19.26 19.93 18.57 18.56 
1.15 21.74 20.77 20.18 19.69 19.89 19.87 
High .58 20.68 19.48 18.58 18.24 18.33 18.20 
.77 19.67 18.74 18.52 18.61 18.45 18.38 
.96 21.34 19.59 19.33 19.15 18.74 18.35 
1.15 20.68 20.11 19.49 19.18 19.50 19.18 
Energy, Mcal/kgLow .58 1.34 1.26 1.22 1.16 1.10 1.09 5 .35 .07 .86 .01 .25 .09 
.77 1.42 1.31 1.23 1.16 1.11 1.05 
.96 1.37 1.28 1.22 1.18 1.15 1.14 
1.15 1.42 1.33 1.28 1.25 1.23 1.22 
High .58 1.27 1.23 1.17 1.14 1.15 1.14 
.77 1.27 1.21 1.19 1.18 1.15 1.14 
.96 1.40 1.28 1.23 1.20 1.17 1.13 
.84 
.39 
1.15 1.38 1.29 1.24 1.22 1.23 1.20 
®Average of composition on the first and last day of the measurement period. 
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Abstract 
Eleven pairs of littermate, primiparous sows were utilized to determine the impact 
of the level chronic immune system (IS) activation on sow lactational performance. Sows 
with a low level of IS activation were created by rearing the animals via early weaning, 
isolated rearing schemes. Two levels of IS activation were achieved in each littermate 
sow pair by subcutaneous administration of either 0 (saline) or 5 /xg per kg sow BW of 
E. coli lipopolysaccharide (LPS) in a mineral oil adjuvant emulsion on days 2 and 10 of 
lactation. Litters were standardized to 13 pigs by 8 h postpartum. Sows were offered 
daily 6.0 kg of a com-soy diet formulated to contain a minimum of 250% of the dietary 
nutrient concentrations estimated to by be needed by the lactating sow (NRC 1988). 
Based on antibody titers to LPS and serum concentrations of a-a acid 
glycoprotein (AGP), high IS sows mounted an immune response to the LPS during 
lactation while low IS sows maintained a low level of IS activation. Over the 18 day 
lactation, a high level of chronic activation of the sow's immune system depressed daily 
sow feed intakes by .56 kg, litter weight gains by .32 kg and daily milk, milk energy and 
milk protein yields by 1.4 kg, 1.7 Meal and 71 g, respectively, but did not alter sow 
body weight loss. The reductions in yields of milk and milk nutrients likely were due to 
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proinfiamatory cytokine induced inhibition of the lactogenic hormones resulting from high 
chronic IS activation. Based on these data, the level of chronic IS activation alters the 
lactational performance of sows. 
Introduction 
Antigen exposure which ftirther activates the animal's immune system results in 
the release of cytokines (Klasing, 1988). Cytokines, such as interleukin-1 (IL-1) and 
tumor necrosis factor (TNF), mediate a series of metabolic adjustments which include an 
elevated basal metabolic rate and body temperamre (Van Deuren et al., 1992; Johnson 
and von Borell, 1994), greater rates of gluconeogenesis and glucose oxidation (Long, 
1977) and elevated hepatic acute phase protein synthesis (Baumann et al., 1987). These 
cytokines also cause a reduction in circulating concentrations of anabolic hormones 
including growth hormone (GH), IGF-I (Fan et al., 1995) and prolactin (Chao et al, 
1994) and stimulate the release of catabolic hormones including thryroxine (Dayer et al., 
1987) and glucocorticoids (Woloski et al., 1985). The endocrine shifts induced by 
immune system (IS) activation have been shown to depress voluntary feed intake, 
proteinaceous tissue growth rates and efficiency of feed utilization in growing chicks 
(Klasing et al., 1987) and pigs (van Heugten et al., 1994; Williams et al., 1994), as well 
as alter the body composition of growing pigs (Williams et al., 1994; Stahly et al., 
1995). Inhibition of the lactogenic hormones (GH, IGF-I, prolactin) by immune system 
activation would be hypothesized to result in less milk synthesis in mammals. In the 
lactating cow, acute activation of the immune system via intravenous LPS administration 
resulted in increased rectal temperature and reduced milk and milk protein yield in the 
113 
absence of mammary inflammation, suggesting that systemic physiological changes 
resulting from immune system activation cause a reduction in lactational performance 
(Shuster et al., 1991b). 
The objective of this study was to determine the impact of level of chronic 
inmiune system activation in lactating sows on feed intake, body weight change, backfat 
change, litter weight gain and estimated milk yield and composition from day 2 to 18 of 
lactation. 
Experimental Procedures 
Experimental Treatments. A low level of immune system activation was created in all 
animals utilized in this study by rearing the animals via segregated early weaning and 
isolated rearing schemes. During an 18 day lactation, two levels of IS activation were 
created by subcutaneous administration of littermate pairs with either 1 mL of saline (low 
IS sows) or 1 mL of E. coli lipopolysaccharide (LPS; 5 /ng/kg sow BW, E. coli K235 
lipopolysaccharide, Sigma Chemical, St. Louis, MO) dissolved in saline and emulsified 
(1:1, v:v) in a mineral oil adjuvant (Montanide ISA 50, Seppic, Paris, France) (high IS 
sows). Emulsification was achieved by repeated (>150 times) transfer of the mixture 
between two 20 cc glass luer lock syringes connected by a 22 gauge x 73 mm micro-
emulsifying needle (Popper & Sons, Inc., New Hyde Park, NY). Emulsions which 
maintained droplet integrity for a minimum of 30 seconds when floated on deionized 
water were used. 
Lactational performance was evaluated over four day intervals from d 2 to 6, 6 to 
10, 10 to 14 and 14 to 18 postpartum. 
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Animal Care. Segregated early weaning and isolated rearing schemes were utilized to 
create sows with a low level of IS activation at parturition. Twenty-six sets of four to 
five littermate gilts destined to become the experimental sows were weaned at 12 to 28 
days of age and transported in a cleaned and disinfected vehicle to an environmentally 
regulated facility physically isolated from the herd of origin and from other pigs. At 
weaning, 1.5 mg/kg BW of ceftiofiir (Naxcei; Upjohn, Kalamazoo, MI) was administered 
to each pig by intramuscular injection. The pigs remained in the isolated environment 
during growth, puberty, breeding, pregnancy and lactation. At 8 to 10 months of age, 
estrus was synchronized with altrenogest (Regumate, Hoechst-Roussel Agri-Vet, 
Somerville, NJ) and sows were artificially inseminated with mixed semen pooled from 
boars of a high lean growth strain. On day 110 of pregnancy, sows were moved to a 
sanitized farrowing facility physically isolated from other pigs. The sows were washed 
and penned individually in 1.5 x 2.1 m farrowing crates on raised woven wire floor. The 
building temperature was maintained at 18 to 24° C with a minimum ventilation rate of 
1.4 cmm per sow-litter. 
Litters on each sow were adjusted to 13 pigs within 8 h of the delivery of the 
placenta by transferring pigs of similar age and weight from donor sows reared under the 
same conditions as the experimental sows. Litters were maintained at 13 pigs through 
day 3 of lactation. Pigs that died due to crushing after d 3 of lactation were replaced by 
pigs of similar size. A thermostatically controlled heating pad was placed in each 
farrowing crate in an area not accessible by the sow to provide supplemental heat to the 
nursing pigs. 
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Only sows that possessed a minimum of 13 functional nipples, farrowed litters of 
eight or more pigs, fad litters successfully adjusted to 13 pigs within eight hours of 
placenta expulsion and whose farrowing date was within seven days of the farrowing of 
the initial experimental sow were evaluated. 
Within 12 h postpartum, needle teeth and tails of neonatal pigs were clipped and 
each pig received 100 mg iron dextran via subcutaneous injection. Male pigs were 
castrated on d 14 of lactation. Neonatal pigs were not allowed access to supplemental 
feed or water. 
Experimental Diets. From weaning (4 to 7 kg body weight) through breeding, the pigs 
destined to become the experimental sows were allowed ad libitum access to corn-
soybean mixtures fortified to meet or exceed the nutrient (not energy) needs of a high 
lean growth genotype experiencing a low level of IS activation (ISU, 1996). During 
gestation, sows were fed once daily a fortified corn-soybean meal diet formulated to meet 
or exceed the nutrient and energy needs of a 180 kg BW, genetically lean, low IS sow 
and a litter of 14 developing fetuses (Knight et al., 1977; Noblet et al., 1985). These 
daily nutrient allocations represented a minunum of 175% of the NRC (1988) estimated 
nutrient (not energy) needs of the gestating sow and provided 5.84 Meal ME from 
breeding to d 90 of gestation and 7.22 Meal ME from d 90 to parturition. The additional 
ME on d 90 was provided as com starch. During lactation, each sow was allocated daily 
6.0 kg of a fortified corn-soybean meal diet (Table 1) formulated to meet or exceed the 
nutrient and energy needs of a 200 kg BW, genetically lean, low IS lactating sow nursing 
a litter of 13 pigs (Noblet and Etienne, 1987; Pettigrew, 1993, Sauber et al., 1996). 
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These daily allocations provided a minimum of 250% of the dietary nutrient (not energy) 
concentrations estimated by NRC (1988) to be needed by the 165 kg lactating sow. 
Data Collection and Analysis. Serum antibody titers for Actinobacillus pleuropneumoniae 
(APP), Mycoplasma hyopneumonia (MP), porcine reproductive and respiratory virus 
(PRRS), swine influenza virus (SIV) and transmissible gastroenteritis virus (TGE) were 
determined in each sow during growth (each 60 d from weaning to breeding), pregnancy 
(d 30 and 90) and lactation (d 2 and 18). Serum AGP concentrations were determined on 
d 2 and 18 of lactation. Blood samples were collected via vena cava puncture during 
growth and pregnancy and via a marginal ear vein during lactation. The blood samples 
were centrifiiged and the serum was collected and stored at -20°C for later analysis. 
Serum samples were submitted to the Iowa State University Diagnostic Laboratory 
for determination of serum antibody titers utilizing the following methods: APP by the 
method of Gunnarsson (1979), SIV and TGE by the methods described by APHIS (1981), 
MP by the method described by APHIS (1986) and PRRS by enzyme linked 
immunosorbant assay (ELISA; IDEXX Laboratories, Inc., Westbrook,MA). Serum AGP 
concentrations were determined by radial immunodiffusion assay (Development 
Technologies International, Inc. St. Frederick, MD). 
On d 2 and 18 of lactation, serum antibody titers to LPS were determined by 
ELISA as described by Stabel et al. (1990) with the following modifications. Microtiter 
plates (Immulon 1, Dynatech Laboratories, Inc., Chantilly,VA) that had been incubated 
over night with 2 jug LPS antigen diluted in 100 nL .01 M PBS (pH 7.2) were used. 
Non-specific binding was blocked by addition of 100 ^L of 0.5% solution of gelatin to 
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each microliter well. Weils were washed at least five times with .01 M PBS (pH 7.2)-
.05% Tween 20 solution (PBS-T) between each step. Serum samples were diluted (7 two 
fold dilutions from 1:25 to 1:1600) in PBS-T. Anti-swine Ig conjugated to alkaline 
phosphatase (Kirkegaard and Perry Labs, Inc., Gaithersburg, MD) was used as a 
secondary antibody (diluted 1:500 in PBS-T). p-Nitrophenyl phosphate substrate (Sigma 
Chemical, St. Louis, MO) was added to each well to initiate the enzyme catalyzed color 
reaction and absorbance was measured at 405 nm. Serum collected from neonatal pigs 
that had not nursed was used as a negative control and pooled serum from growing pigs 
exposed to LPS was used as a positive control. LPS titer was defined as the reciprocal of 
the highest serum dilution which resulted in an optical density greater than or equal to 
.45. This threshhold value equals the mean optical density yielded by negative control 
serum at a dilution of 1:50. 
Sow feed intake, body weight and backfat (mean of the depth over the 1st, 10th, 
and last ribs and last lumbar vertebra measured ultrasonically 5 cm off midline) and 
individual pig weights (native and transfer) were recorded within eight hours after the 
delivery of the placenta (day 0) and at four-day intervals from day 2 through day 18 of 
lactation. Milk energy yield was calculated from the estimated dietary ME needs for pig 
body maintenance (115 kcal. ME/kg.-^^ BW -d"^; Lassota, 1989) and growth (2.8 kcal. 
ME per gram of pig weight gain; Noblet and Etienne, 1987) divided by the metabolic 
efficiency (.67; Noblet and Etienne, 1987) of milk ME utilization. Milk gross energy 
was assumed to be ME divided by .98 (ARC, 1981). 
A milk sample was collected from each sow on d 2, 6, 10, 14 and 18 of lactation 
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by infusing 10 U.S.P. units of oxytocin into an ear vein and manually expressing all milk 
available from the second and third anterior functional teats on each side of the mammary 
gland. Within 8 h of sample collection, aliquots of each milk sample were placed in 
whirl pak bags (50 to 100 rnL) and glass scintillation vials (2 mL) and frozen (-20°C) for 
later analysis. 
Frozen milk samples were weighed, freeze dried, allowed to air equilibrate and 
reweighed. Milk protein content was determined by multiplying the nitrogen content 
(Kjeldahl, AOAC, 1990) of each sample by 6.38. Milk dry matter was determined by 
gravimetric desiccation (AOAC, 1990). Milk fat was determined by 
chloroform/methanol extraction as described by Bligh and Dyer (1959) using the samples 
in the scintillation vials in order to minimize variation caused by the separation of the 
lipid and aqueous phases of milk that occur during freezing. Milk ash was assumed to be 
.9% (Oftedal,1984). Milk lactose (L) was estim.ated by the equation L = milk dry 
matter - milk protein - milk fat - milk ash. Milk energy content was estimated by 
multiplying the percentage of milk protein, fat and lactose by 5.70, 9.40 and 4.15 kcal, 
respectively (Jenness,1974). Milk yields of sows were estimated by dividing the milk 
energy yield (Mcal/d) by the milk energy content (Mcal/kg) during each 4 d interval of 
lactation. The daily milk protein and fat yields were estimated by multiplying the 
percentage of milk protein and fat by the daily milk yields during each 4 d interval. 
Statistical Analysis. Data were analyzed by variance techniques using the GLM 
procedures of SAS (1989). Data were analyzed as a completely randomized design with 
a littermate pair of sows considered a replicate. The sow-litter was considered the 
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experimental unit. Least square means are reported. Two low IS sows were removed 
from the analysis due to the development of acute uterine infections after farrowing. 
Responses of sow and litter over time (stage of lactation) were analyzed as a repeated 
measure. 
Results and Discussion 
Based on serological monitoring, the experimental animals experienced low levels 
of antigen exposure and thus a low level of chronic IS activation during the stages of pre-
and postpuberal growth, pregnancy and lactation. During each of these stages of 
development, sows were free of antibody titers for four (APP, MP, PRRS, TGE) of the 
five antigens monitored. SIV titers developed during the prepuberal growth phase (90 to 
150 d of age) in 44 and 36% of the sows in the low and high IS groups, respectively, and 
did not change from d 2 to 18 of lactation (Table 2). No clinical symptoms of illness 
were observed in the animals during the various stages of development, with the 
exception of the coughing noted during the initial stages of the SIV infection. Low IS 
sows possessed low antibody titers for LPS and low serum concentrations of AGP during 
the 18 d lactation indicating a low level of IS activation was maintained (Table 2). High 
IS sows elevated LPS titers and serum concentrations of AGP by d 18 lactation indicating 
an elevated level of IS activation was achieved by administration of the LPS emulsion. 
Administration of lipopoly saccharide (LPS), a polysaccharide component of the cell wall 
of Gram negative bacteria, is well documented to result in the activation of the immune 
system including the release of cytokines (Dinarello, 1988; Cannon et al., 1990) and the 
synthesis of acute phase proteins (Klasing and Austic, 1984a). In the present study, LPS 
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was emuisified in a mineral oil adjuvant (Alexander and Brewer, 1995) in order to 
achieve a more prolonged antigen release (i.e. 2 to 10 days) and thus slow the rate of 
clearance of LPS from the sow's body (Mimura et al., 1995) and more closely mimic a 
chronic level of immune system activation. 
A relatively small dose of LPS (5 ^ig/kg BW) was used in this study. Large doses 
of LPS result in endotoxic shock which is characterized by life-threatening hypotension, 
organ failure and thrombosis (Berczi, 1993). Responses of growing pigs to various doses 
of unemulsified LPS have ranged from short term (<4 h) exhibition of sickness 
behaviors (anorexia, inactivity) and no febrile response (.5 /xg/kg BW, Johnson and von 
Borell, 1994) to a three day reduction in feed intake (200 /itg/kg BW; van Heugten et al., 
1994) and >4 h febrile response (50 /xg/kg BW, Johnson and von Borell, 1994; 20 /xg/kg 
BW, Parrott et al., 1995). To identify a suitable LPS dose to utilize in the present study, 
a 4 d preluninary experiment was conducted. Six lactating sows from the same genetic 
strain but not reared via an isolated rearing scheme were administered subcutaneously 10, 
20 or 40 /xg of LPS emulsified in a mineral oil adjuvant per kg BW. The level of 
emulsification achieved in the preliminary experiment was less than that acieved in the 
principal study. Consequently, the responses to LPS administration likely was more 
acute and of shorter duration. Feed intake was reduced in all sows following LPS 
administration; however, the magnitude and pattern of the response was dependent on the 
LPS dose and the time post administration. During the initial 24 h post injection, feed 
intake was reduced 27, 39 and 60% in the sows receiving the 10, 20 and 40 /xg LPS/kg 
sow BW dose, respectively. During d 2 to 4 post LPS, feed intakes of sows which 
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received the 3 LPS doses averaged 96, 88 and 73%, respectively, of the levels acheived 
prior to administrations of the LPS emulsion. Based on the results of the preliminary 
study and that of Johnson and von Borell (1994), and because the sows used in this study 
had experienced a very low level of antigen exposure prior to lactation (due to early 
weaning and isolated rearing scheme) and thus expected to be more sensitive to an 
antigen, a 5 figlkg BW dose of LPS emulsified in a mineral oil adjuvant was utilized to 
achieve a high level of chronic, not acute, IS activation. 
Pretreatment sow and litter traits 
Sow and litter traits prior to LPS administration (d 2 of lactation) are shown in 
Table 3. Sow body weight and backfat depth and litter weight on d 2 of lactation were 
similar between IS groups on d 2 of lactation. Litters of all sows were successfully 
adjusted to 13 pigs within 8 h of parturition and were maintained at 13 pigs through d 2 
of lactation. 
IS activation effects 
The impact of level of IS activation on the lactational performance of sows from d 
2 to 18 is shown in Table 4. Over the duration of the lactation, IS activation induced by 
the LPS-mineral oil emulsion resulted in a 10% reduction (P=.17) in voluntary feed 
intake, but the magnitude of sow body weight loss was not altered (P= .83) between IS 
groups. Anorexia, a classical symptom of IS activation, is mediated by cytokines 
(Klasing, 1988). Both LPS and proinflammatory cytokines (IL-1, TNF) cause anorexia 
when administered to mammals (Mrosovsky et al., 1989; Cerami et al., 1985; Johnson 
and von Borell, 1994). 
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Chronic IS activation induced by administration of the LPS emulsion, resulted in a 
12% reduction in daily litter weight gain and an 11% reduction in milk energy yield in 
sows nursing an average of 12.6 pigs. 
Milk protem content (pooled across the four stages of lactation) was not altered by 
the sow's IS status, however milk fat content tended (P=.16) to be greater in the high IS 
groups. Consequently, the high IS sows had lower daily yields of milk and milk protein, 
but not milk fat compared with the low IS sows. The reduction in milk yields in the high 
IS sows likely is due to inhibition of the lactogenic hormones (GH, IGF-1, prolactin; 
Bauman and Vernon, 1993; Whitacre and Threlfall, 1981) induced by the cytokine 
cascade. Proinflammatory cytokines, released during the immune response, depress 
circulating concentrations of GH and IGF-I (Fan et al., 1995) and prolactin (Chao et al., 
1994). Reduction in proteinaceous tissue growth in growing pigs due to chronic IS 
activation and the associated endocrine changes also have been observed (Williams et 
al.,1994; Stahly et al., 1995). 
In the present study, pruniparous sows nursing 13 pigs and experiencing a low 
level of IS activation exhibited daily milk energy yields of 14.4 Meal from d 2 to 18 of 
lactation. Primiparous sows nursing 12 to 13 pig litters but which had experienced a 
higher level of environmental antigen exposure exhibited daily milk energy yields of 12.6 
to 13.0 Meal, 88 to 90% of the milk yield of the low IS sows in the present study 
(Sauber et al., 1996). Sows of undefined parity and immune status nusring 7 to 9 pigs 
are estimated to have daily milk energy yields of 8.3 Meal (NRC 1988). 
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Stage of lactation effects and interactions 
The responses of the lactating sows during the four stages of lactation evaluated (4 
d intervals from d 2 to 18 postpartum) are shown in Table 5. IS activation induced by 
LPS-adjuvant administration resulted in lower feed intakes at each stage of lactation; 
however, the magnitude of the reduction was greatest during the two four-day periods 
immediately following LPS administration (day 2 to 6 and 10 to 14). A reduction in 
voluntary feeed intake due to iS activation has been reported in growing chicks (Klasing 
and Johnstone, 1991) and pigs (Johnson and von Borell, 1994; van Heugten et al., 1994; 
Williams et al., 1994). The magnitude and duration of the reduction in feed intake 
appears to dependent on the magnitude and duration of the antigen exposure. Johnson 
and von Borell (1994) administered a single dose of either .5, 5 or 50 /xg LPS/kg BW in 
growing pigs without a mineral oil adjuvant, and observed a dose dependent, transient 
reduction in feed intake that lasted from 4 h to >8 h. Williams et al. (1994) studied 
chronic immune system activation induced by environmental antigen exposure and 
observed a 14% reduction in feed intake in pigs fed from 6 to 114 kg BW. In the 
present study, although a relatively low dose of LPS (5 /ng/kg sow body weight) was 
used, the LPS-mineral oil emulsion apparently prolonged the state of IS activation. 
Consequently the reduction in feed intake was of longer duration than would be expected 
following the administration of LPS alone. The fact that feed intake was reduced by a 
slightly smaller magnitude by the second administration of LPS compared with the first 
may be due in part to the development of tolerance to LPS. Tolerance to LPS following 
chronic exposure has been demonstrated in lactating cows (Shuster et al., 1991a). This 
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phenomenon is apparently due to the reduction of LPS receptor affinity on target cells 
(Labeta et al., 1993) and results in the down regulation of LPS induced cytokine 
production (Mengozzi and Ghezzi, 1993) due to reduced cytokine mRNA expression 
(Takasuka et al., 1991). 
IS activation did not alter sow body weight loss during the 4 d intervals of 
lactation studied (Table 5). Previous studies indicate that, under conditions of inadequate 
dietary nutrient intakes, the sow has the capacity to mobilize large quantities of body 
tissue to meet the demands of the mammary gland to fuel milk synthesis (Noblet and 
Etieime, 1989; Sauber et al., 1996). In the present study, the high IS sows did not 
mobilize additional body weight to support lactation even though they consumed less 
feed. IS activation seemed to reduce the manmiary gland's ability to produce milk to a 
point that the amount of nutrients needed to be derived from the diet and mobilized tissue 
stores were less in the high vs low IS sows. 
IS activation via LPS-adjuvant administration resulted in lower milk energy yield 
during each stage of lactation, but the magnitude of the reduction was dependent on the 
stage of lactation (Table 5). During the 4 d interval immediately following the initial 
LPS administration (d 2 to 6), milk energy yield was reduced by 17%, but only 5% 
during d 6 to 10. This lessening of the response to LPS likely is due in part to the rapid 
clearance of LPS from the body (Mimura et al., 1995). Following the second LPS 
administration (d 10), milk energy yields were reduced by 10 and 14% on d 10 to 14 and 
14 to 18, respectively. The fact that the magnitude of the reduction in milk energy yield 
following LPS increased in later stages of lactation (d 14 to 18) may be due in part to a 
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reduction in mammary secretory cell number resulting from IS activation. During 
lactation, milk yield is determined by mammary cell number and the secretory activity of 
each cell (Knight, 1989). In early lactation, increasing milk yield is associated with an 
increase in mammary DNA as well as an increase in secretory cell activity of each cell 
up to peak lactation. At peak lactation, secretory activity per cell is maximized. In the 
present study, if the endocrine drive for milk synthesis in early lactation was reduced due 
to IS activation, secretory cell number may have been reduced. The effects of this 
reduction in secretory cell number would be expected to be greatest during the period of 
greater milk output (d 14 to 18, Schoenherr et al., 1989) as seen in this study. In the 
present study, milk energy and protein yields in the low IS sows increased linearly as 
lactation progressed with the greatest milk yields occurring on d 14 to 18 of lactation. In 
contrast, the high IS sows exhibited peak milk energy and protein yields by d 6 to 10 of 
lactation after which milk yield plateaued or declined. 
Higher levels of IS activation also resulted in lower daily yields of milk and milk 
protein and fat during lactation (Table 5), but did not influence milk composition. 
Similarly, ISactivation via systemic or intramammary LPS administration in the lactating 
cow does not alter milk protein content, but results in reduced milk protein yield (Shuster 
et al., 1991bc). The duration of the milk yield response in the present study by chronic 
IS activation was greater than that observed by acute activation created by Schuster et 
al.(1991bc). The reduced net milk protein output due to IS activation is similar to the 
response to IS activation seen in growing animals. The endocrine shifts induced by 
immune system (IS) activation depress proteinaceous tissue growth in chicks (Klasing et 
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al., 1987) and in pigs (Williams et al., 1994) and alters the body composition of growing 
pigs (Williams et al., 1994; Stahly et al., 1995). Alterations in animal growth appear to 
be due to reduced rates of protein synthesis as well as increased rates of protein 
degradation (Klasing and Austic, 1984 a,b). Because milk proteins are exported, it is 
unlikely that increased protein degradation reduced milk protein yield, unless intracellular 
protein catabolism increases prior to protein export. It is more likely that endocrine 
shifts, such as reduced semm prolactin concentrations following chronic IS activation 
(Berczi, 1993), caused the reduction in protein synthesis rate since mammary protein 
synthesis rate appears to be sensitive to short term changes in prolactin concentrations 
(Schmitt-Ney et al., 1992). 
LPS induced differences between IS groups in the suckling pigs' ability to 
stimulate and remove milk from the mammary gland likely are not responsible for the 
lower milk energy yield of the high IS sows. The number of pigs nursmg the sows were 
standardized early in lactation in both groups and pig survival was similar. The 
mammary gland is thought to be impermeable to the immunogenic lipid moiety of LPS, 
since lipid only enters the manunary epithelial cells as individual fatty acids (Larson, 
1985). In addition, enzymes capable of cleaving the polysaccharide-lipid bond in LPS are 
not known (Rietschel et al., 1993). Therefore it is unlikely that LPS is transferred from 
the sow via milk to the suckling pig. 
Based on these data, antigen exposure during lactation which results in a greater 
level of chronic immune system activation in sows depresses sow feed intakes and milk, 
milk energy and protein yields. 
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IMPLICATIONS 
Use of technologies that successfully minimize the level of immune system 
activation that the lactating sow experiences will allow a greater proportion of the sow's 
lactational capacity to be expressed. 
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Table 1. Composition of lactation diet. 
Ingredient Amount, % 
Com 63.59 
Soybean meal, dehulled 32.06 
Dicalcium phosphate 2.61 
Limestone .76 
Salt .50 
Vitamin, trace mineral premixes® . .43 
Antibiotic'' .05 
Total 100.00 
Calculated Analysis'^ 
Protein, % 20.95 
Lysine, % 1.16 
Metabolizable energy, kcal/kg 3260 
^Contributed the following per kg of diet: vitamin A, 12100 lU; vitamin D3, 825 lU; 
vitamin E, 53 lU; vitamin K,1.50 mg; vitamin B12, .0165 mg; riboflavin, 5.0 mg; 
d-pantothenic acid, 13 mg; niacin, 24 mg; thiamine, 4.4 mg;pyridoxine, 4.4 mg; 
folic acid, 1.3 mg; choline, 500 mg; biotin, .88 mg; Fe, 105 mg; Zn, 88 mg; 
Cu, 11 mg; Mn, 35 mg; I, 1.2 mg; Se, .30 mg 
^Contributed 110 mg chlortetracycline per kg of diet 
'^Calculated analysis based on NRC (1988) feed ingredient composition tables 
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Table 2. Serum antibody titers and acute phase protein concentration during lactation. 
IS Day of lactation 
Item activation 2 18 
Serum antibody titers 
APP, MP, Low - -
PRRS AND TGE High - -
SIV^ Low + + 
High + + 
LPS^ Low 212 277 
High 188 751 
Serum acute phase protein 
AGP, mg/ml'^ Low 229 218 
High 250 441 
^Serum SIV titers were found in 44% of low IS sows and 36% of high IS sows on day 2 
and on day 18 of lactation 
''Titers presented as the reciprocal of the geometric mean 
•^IS X day of lactation effect, P < .05 
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Table 3. Initial lactating sow and litter traits prior to antigen exposure (d 2 postpartum). 
Item 
IS activation 
Low High CV P= 
Number of sows 9 11 
Sow traits 
Body weight,kg 205 208 5 .48 
Backfat,mm® 26 27 7 .98 
Litter traits 
No. of pigs 13.0 13.0 
Litter weight, kg 22.9 21.2 17 .25 
^Mean of ultrasonic measurements (Lean-o-meter, Renco, Mpls, MN) 5 cm off midline 
over the first, tenth and last ribs and last lumbar vertebra. 
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Table 4. Impact of immune system activation on lactating sow and litter performance 
from d 2 to 18 postpartum. 
IS activation 
Item Low High CV P= 
Sow traits 
Feed intake, kg/d 5.36 4.80 15 .17 
Body weight change, kg/d -.74 -.69 62 .83 
Backfat change, mm/d -.19 -.24 22 .14 
Litter traits 
No. pigs weaned 12.6 12.6 6 .99 
Litter wt gain, kg/d 2.60 2.28 8 .01 
Milk composition 
Energy, Mcal/kg^ 1.25 1.27 2 .23 
Protein, % 5.92 6.04 6 .48 
Fat,% 6.34 6.73 8 .16 
IgG, mg/ml 4.3 5.4 18 .16 
IgA, mg/ml 12.4 17.8 16 .06 
Milk and milk component yield 
Yield, kg/d" 11.5 10.1 7 .01 
Energy, Mcal/d*^ 14.4 12.7 7 .01 
Protein, g/d^ 683 612 7 .01 
Fat, gld^ 726 675 13 .27 
^Milk energy, protein and fat content over the duration of lactation was calculated by 
averaging the analyzed milk contents determined for each 4 d stage of lactation. 
''Milk yield was determined by dividing estimated milk energy yield by milk energy 
content. 
'^Milk energy yield was determined by summing the estimated maintenance ME needs 
of the nursing pigs (115 kcal * pig over each 4 d stage of lactation and the 
estimated ME needs for nursing pig growth (2.8 kcal/g growth) over each 4 d interval 
divided by the efficiency of utilization of ME for pig growth (.67). Milk GE was 
assume to be ME/.98. 
^Milk protein and fat yields were determined by multiply milk yield times the analyzed 
protein or fat composition of milk. 
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Table 5. Impact of level of immune system activation on sow and litter performance 
during four stages (S) of lactation. 
IS Stage of lactation.d Probabilitv 
Item activation 2-6 6-10 10-14 14-18 CV IS S ISxS 
Sow and litter traits 
Feed intake, kg/d Low 4.78 5.10 5.62 5.93 12 .17 .01 .06 
High 3.83 4.99 4.96 5.51 
BW change, kg/d Low -.73 -.84 -.64 -.75 81 .83 .56 .93 
High -.83 -.81 -.60 -.55 
No. of pigs Low 12.9 12.5 12.5 12.5 2 .76 .01 .45 
High 12.9 12.9 12.7 12.5 
Litter BW gain, kg/d Low 2.38 2.64 2.73 2.68 17 .01 .01 .01 
High 1.93 2.54 2.43 2.26 
Milk composition® 
Energy, Mcal/kg'^ Low 1.27 1.25 1.25 1.24 2 .23 .01 .42 
High 1.30 1.27 1.25 1.25 
Protein, % Low 6.14 5.82 5.79 5.78 4 .80 .01 .18 
High 6.37 5.93 5.74 5.69 
Fat,% Low 6.55 6.35 6.23 6.07 8 .21 .01 .52 
High 7.11 6.61 6.25 6.34 
Milk and milk component yields 
Quantity, kg/d"^ Low 9.83 11.29 12.18 12.66 9 .01 .01 .24 
High 7.93 10.63 10.93 10.81 
Energy, Mcal/d'^ Low 12.47 14.11 15.15 15.68 6 .01 .01 .01 
High 10.31 13.47 13.62 13.52 
Protein, g/d® Low 607 656 706 735 10 .01 .01 .14 
High 508 634 630 616 
Fat, g/d^ Low 641 710 752 768 11 .10 .01 .48 
High 559 697 679 683 
®Milk composition over each 4 d stage of lactation was determined by averaging the 
analyzed compositons of milk samples collected on the first and last day of each 4 day 
stage of lactation. 
^Milk energy content over each 4 d stage of lactation was determined by multiplying 
the milk protein, fat and lactose concentrations by the gross energy content of each 
component (5.70, 9.40 and 4.15 kcal/g, respectively). 
'^Milk yield over each 4 d stage of lactation was determined by dividing estunated milk 
energy yield by milk energy content. 
'^Milk energy yield over each 4 d stage of lactation was determined by summing the 
estimated maintenance ME needs of the nursing pigs over each 4 d interval of lactation 
and the estimated ME needs for nursing pig growth. 
®Milk protein and fat yields were determined by muhiply milk yield times the 
analyzed protein and fat compostion of milk. 
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CHAPTER 5. GENERAL SUMMARY 
Two experiments were conducted to determine the impact of sow lean growth 
genotype, dietary amino acid regimen and the level of immune system activation on the 
lactational performance of sows nursing large litters. 
In the first experiment, two sources of sows possessing high (350 to 390 g/d) or 
low (240 to 280 g/d) genetic capacity for lean tissue growth from 18 to 110 kg body 
weight were studied from d 2 to 28 (± 1) postpartom. Litter size was adjusted to 14 
pigs within eight hours after farrowing. During lactation, sows were offered daily 6.5 kg 
of one of four fortified corn-soybean meal diets formulated to provide daily lysine intakes 
of 38, 50, 62 or 74 grams. On d 2 postpartum, the empty bodies of the high lean growth 
(LG) sows contained more protein (P< .01) and less fat (P< .01). High LG sows 
consumed more feed (P< .01), lost less empty body weight (P< .16) and backfat 
(P< .05). Sows from both genetic strains consumed less feed than needed to support 
maximum milk yield and consequently mobilized large amounts of body tissue. The 
amount and composition of mobilized tissue was dependent on genetic strain and dietary 
amino acid regimen. High LG sows mobilized more body protein (P< .01) and less body 
lipid (P< .01). Furthermore, as dietary lysine intake increased, sows in both genetic 
strains mobilized less body protein. Milk, milk energy and milk lysine yield was similar 
in both genotype, but the response to dependent on sow LG genotype. As dietary lysine 
intake and milk yield increased, energy became more limiting for milk synthesis and 
sows in both genotypes responded by mobilizing more maternal body lipid. However, 
the high LG sows apparently were limited in their ability to mobilize body lipid and 
consequently continued to catabolize substantial quantities of proteinaceous tissue to 
supply sufficient energy for milk synthesis. As dietary lysine increased, milk and milk 
lysine and energy yields increased in both LG genotypes, but the magnimde of the 
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responses differed. Apparently, because high LG sows did not possess sufficient labile 
body stores of energy, milk, milk energy and lysine yields of the high LG sows began to 
be restricted in sows with high lysine intakes. 
In the second experiment, sows with a low level of immune system (IS) activation 
were created via segregated early weaning and isolated rearing schemes. Two levels of 
IS activation were created during lactation by subcutaneous injection of either saline (low 
IS) or E. coli lipopolysaccharide (LPS, 5 /ig/kg BW) emulsified in a mineral oil adjuvant 
(high IS) on d 2 and 10 postpartum. Lactational performance was assessed between d 2 
and 18 of lactation. Based on measures of serum antibody titers for five prevalent 
disease antigens and LPS and serum concentrations of an acute phase protein (a-l acid 
glycoprotein, AGP) during growth, breeding and pregnancy, all sows experienced a low 
level of IS activation prior to saline or LPS administration on d 2 of lactation. IS 
activation reduced sow feed intake (P< .17), litter gain (P< .01) and estimated milk 
energy yield (P< .01), but did not affect sow weight loss. The differences between IS 
groups were greatest during the first 4 d interval following saline or LPS administration 
due to the rapid clearance of LPS from the sow's body. 
Based on these studies, the lactational capacity of high and low LG sows is similar 
when adequate supplies of energy and lysine are available from dietary intake and 
mobilized body tissue stores. However, energy intake may be more critical in genetically 
lean sows in order for maximum lactational capacity to be expressed. Furthermore, 
minimizing the level of immune system activation allows a greater proportion of the 
sow's lactational capacity to be expressed. 
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APPENDIX A. COMPOSITION OF SOWS USED TO ESTIMATE INITIAL SOW 
BODY COMPOSITION OF LACTATING SOWS. 
LG genotype 
Item Low High CV Probability 
Number 8 13 
Sow characteristics 
EB weight,kg 161 154 11 .40 
Backfat depth, mm® 30 17 18 .01 
Separable tissues 
Muscle, kg 57.40 75.18 14 .01 
Fat,kg 44.78 21.73 25 .01 
Skin, kg 9.10 5.91 23 .01 
Bone, kg 12.78 14.27 16 .14 
Offal,kg 29.97 31.21 14 .52 
Body nutrients 
Protein, kg 21.36 24.83 11 .01 
Lipid,kg 60.91 33.89 21 .01 
Ash,kg 5.75 6.25 15 .24 
Water,kg 67.81 84.87 11 .01 
^ Mean of 4 ultrasonic measurements 5 cm off midline over the first, tenth and last ribs 
and last lumbar vertebrae. 
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APPENDIX B. Regression coefficients used to estimate initial body composition of 
lactating sows on d 2 postpartum®''. 
Item Intercept EBW MBF^ cv R2 
Low lean growth genotvpe 
Separable tissues 
Muscle, kg 32.15(17.05) .352(.o99) -.777(.469) 8 .72 
Fat,kg -56.30(19.73) .320(.ii5) 1.35(.543) 11 .81 
Skin,kg 13.29(5.64) .033(.039) -.316(.183) 19 .38 
Bone, kg 9.97(5.08) .092(.O30) -.397(.I40) 10 .72 
Offal, kg 2.05(8.91) .202(.052) .021 (.245) 8 .78 
Body nutrients 
Protein, kg 15.75(3.18) .133(.OI9) -.389(.O87) 4 .92 
Lipid,kg -68.66(19.26) .394(.II2) 1.84(.53) 8 .89 
Ash,kg 2.74(1.43) .047(.oog) -.152(.O40) 6 .88 
Water,kg 52.95(16.19) .442(.O95) -1.46(.45) 6 .83 
High lean growth genotvpe 
Separable tissues 
Muscle, kg -7.61(12.11) .677(.O77) -.792(.292) 5 .89 
Fat,kg 14.43(10.06) -.087(.064) 1.20(.24) 16 .71 
Skin,kg -7.97(2.54) .080(.OI6) .085(.O61) 15 .75 
Bone,kg -4.38(2.24) .136(.OI4) -.135(.054) 5 .90 
Offal,kg 31.92(12.99) .030(.082) -.430(.313) 14 .16 
Body nutrients 
Protein,kg 4.16(2.19) .171(.OI4) -.160(.053) 3 .94 
Lipid,kg -8.50(12.93) . 124(.082) 1.19(.31) 13 .66 
Ash,kg -1.06(.95) .055(.OO6) -.071{.023) 5 .90 
Water,kg 21.87(9.53) .537(.O60) -1.03(.23) 4 .90 
^Mean of ultrasonic measurements 5 cm off midline over the first, tenth and last ribs and 
last lumbar vertebrae. 
'^Standard errors of intercept and coefficient estimates are shown in parentheses. 
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APPENDIX C. REPRESENTATIVE ANOVA TABLES 
Table CI. Analysis of variance for a split plot model. 
Source of variation DF 
Genotype 1 
Replicate(Genotype)® 16 
Diet 3 
Genotype x Diet 3 
Diet X Replicate(Genotype)'' 48 
^Error term used to test significance of variance for Genotype. 
''Error term used to test significance of variance for Diet and Genotype x Diet. 
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Table C2. Analysis of variance for a repeated measure model. 
Source of variation DF 
Genotype 1 
Replicate(Genotype)^ 16 
Diet 3 
Genotype x Diet 3 
Diet X Replicate(Genotype)'' 48 
Stage'^ 5 
Genotype x Stage 5 
Diet X Stage 15 
Genotype x Diet x Stage 15 
Diet X Stage x Replicate(Genotype) 321 
^Error term used to test significance of variance for Genotype. 
^Error term used to test significance of variance for Diet and Genotype x Diet. 
•^Stages of lactation 2 to 6, 6 to 10, 10 to 14, 14 to 18, 18 to 22 and 22 to 26 postpartum 
'^Error term used to test significance of variane for Stage, Genotype x Stage, 
Diet X Stage, Genotype x Diet x Stage. 
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APPENDIX C. REPRESENTATIVE ANOVA TABLES 
Table C3. Analysis of variance completely randomized design. 
Source of variation DF 
Replicate^ 10 
IS status 1 
Replicate x IS status^ 10 
^Littermate pair of primiparous sows. 
''Error term used to test significance of variance for IS status. 
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Table C4. Analysis of variance for a repeated measure model. 
Source of variation DF 
Replicate^ 10 
IS status 1 
Replicate x IS status'' 10 
Stage'^ 3 
IS status X Stage 3 
Replicate x Stage(IS status) 60 
^Littermate pair of primiparous sows. 
^Error term used to test significance of variance for IS status. 
'^Stages of lactation 2 to 6, 6 to 10, 10 to 14, 14 to 18 postpartum 
^Error term used to test significance of variane for Stage, IS status x Stage. 
